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ABSTRACT 

Trade-off studies were conducted wherein two versions of 
tilt rotor aircraft were examined to determine optimum 
mission distances where:-the tilt rotor desiqns were superior 
to a comparable contemporary (pure) helicopter. Two FORTRAN 
computer programs (VASCOMP II and HESCOMP) developed under 
contract for NASA Ames Research Center by the Boeing VERTOL 
Company were used to predict aircraft performance. Program 
results were validated using data from independent sources. 
A simplified user’s manual is included (with sample data and 
program output) for VASCOMP II use at the Naval Postgraduate 


School, Monterey, California. 
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I. LZNTRODUGTION 


New horizons have been opened for V/STOL aircraft as a 
result of the NASA/Army XV-15 Tilt Rotor Research Program and 
its successful demonstration of the tilt rotor concept. 

Application of tilt rotor technology lends itself aptly 
tO ta (Myriad -.Of military missions and also has significant 
potential for future performance in civil roles. It is 
plausible, for example, that tilt rotor aircraft could 
replace conventional fixed-wing turboprops and helicopters 
for both military and civilian missions within optimal ‘range 
parameters. The limits of these "optimal" range missions can 
be approximated with the ald of aircraft Sirzing ieee 
performance computer programs. ; 

Past studies [Ref. 1, 2] used computer generated data 
to make performance comparisons between tilt rotor aircraft 
designs and comparable contemporary aircraft. The results 
were then used to assist in evaluating the suitability of the 
roles selected for the potential tilt rotor designs. This 
thesis research was conducted using a similar approach. Data 
waS generated for two potential tilt rotor designs using 
the V/STOL Aircraft Sizing and Performance Computer Proaram 
(VASCOME OEE Data was also generated for a contemporary 
rotary-wing aircraft using the Helicopter Sizing and 


Performance Computer Program (HESCOMP). Both programs were 


developed under contract by the Boeing VERTOL Company for the 
National Aeronautics and Space Administration, Ames Research 
Center, Moffet Field, California. 

VASCOMP II and HESCOMP are intentionally similar in 
program structure, program data requirements, and program 
output. This allows comparisons eaevesn the results of the 
two programs. 

Application of VASCOMP II is appropriate for predicting 
sizing and performance data for aircraft that employ fixed 
wing surfaces to Speen lift in primary cruise flight. Use 
of HESCOMP is applicable for aircraft that use rotary wing 


surfaces to obtain lift in forward flight. 


It. BACKGROUND 


A. NASA/ARMY PROGRAM 

ino 2. NASA and the United States Army jointly 
sponsored the XV-15 Tilt ROter Research Aircraft Program. 
The primary objective of the program was to demonstrate that 
dynamic stability problems, which plagued earlier tilt rotor 
designs, had been resolved. In 1973, Bell Helicopter TEXTRON 
won a minimum aout contract to build two flightworthy testhed 
tilt rotor research aircraft to be used during the flight 
test portion of this proof-of-concept program. On October 
22, 1976, the first of the two prototypes (tail number N702) 
was rolled out of Bell’s Arlington, Texas facility. This 
aircraft made its first hovering flight on May 3, 1977. 
was then used for extensive wind tunnel studies which had to 
be completed, in accordance with the NASA/Army contract, 
prior to the release of the second prototype (N703) for full 
flight testing. The first full in-flight conversion ftromeeme 
helicopter mode to the airplane mode was performed in 


abreratt N7Osvon, July 24, i972. 


Bs AV=-15 DESIGN, CHARACTERISTIGs 
The XV-15 is 42 feet long, has a H-tail, and utilizes a 
slightly forward swept, high-wing that is 32 feet wide. The 


design incorporates two three-bladed proprotors mounted on 
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wingtip nacelles, each rotor having a diameter of twenty-five 
(25) feet. Maximum takeoff gross weight for the aircraft is 
13,000 lbs in the VTOL mode and 15,000 lbs in the STOL mode. 
Each wingtip nacelle houses a transmission and a 1550-shp 
Lycoming T-53 turboshaft engine that is modified (primarily 
the lubrication systems) for both horizontal and vertical 
operation. The nacelles, which can rotate through 95 deaqrees 
during conversion between helicopter and airplane modes, are 
positioned vertically for VTOL segments and rotated to the 
horizontal position, after takeoff, for airplane operations. 
The nacelles can be rotated five (5) degrees aft of vertical 
for rapid decelerations in the air, aft translations at a 
hover, and for providing a responsive means of acceleratina 
and decelerating the aircraft during ground operations. 
Conversion between the helicopter and airplane mode takes 
roughly 12-15 seconds and has proven, without exception, to 
be an uncomplicated, safe, and completely reliable procedure. 
Rotor RPM is reduced when in the airplane mode to provide 
greater propulsive efficiency. Maximum airspeed of the 
aircraft is 301 knots in forward flight, 35 knots in sideward 
flight, and 25 knots in rearward flight. As is typical with 
conventional tandem rotor helicopters, the XV-15 is not 


greatly affected by wind direction during hovering flight. 


IE 


C. JOINT SERVICES OPERATIONAL TESTING 

Military operational testing of the XV-15 beaqan in 1982 
to determine the suitability of tilt rotor aireratuees 
perform select military missions. Testing was conducted over 
an 18-month period and included US Army evaluations at Fort 
Huachuca, AZ to study the vulnerability of the aircraft ina 
ground threat environment; US Navy shipboard and downwash 
evaluations aboard the USS Tripoli and at Pallas NAS, TX 
respectively; and USMC mission-oriented flight tests at Yuma 


Proving Grounds, AZ. 


De JVX 

The versatility of the XV-15 cuickly convinced a sStuay 
group that a tilt rotor aircraft could meet future mission 
requirements of the Armv, Navy, Marine Corps, and Air Force. 
By the end of 1982, the Joint Services Advanced Vertical Lift 
Aircraft Development Program (JVX) had been formed. Through 
JVX, the services are attempting to procure approximately 
1000 production model tilt rotor aircraft. In April [@seeeee 
contract was awarded to the manufacturing team of Bell 
Helicopter TEXTRON and Boeing VERTOL to begin preliminary 
design work on the multimission, multiservice tilt rotor 


aircraft. 


Ee BELL-BOFING DESIGN 
As a haseline aircraft, preliminary desiaon studies are 


using the Bell-Boeinao Model °01-X. The military designation 


be 


for the world’s first production model tilt rotor V/STOL 
aircraft is the V-22 OSPREY. It will have a VTOL mission 
weight of 43,800 pounds, a STOL mission weight of 55,000 
pounds, a cruise speed at maximum gross weight of 260 knots, 
and a service ceiling of over 30,000 feet. When loaded with 
24 combat equipped troops, it will have a mission radius of 
200 nautical miles and will be able to self-deploy worldwide. 
Flight controls will incorporate triple-channel fly-by-wire 
technology and the propulsion system will utilize a 6000 shp 
engine to be built by a yet-to-be-selected manufacturer. 
Bell is PeamenetDle £6% the lift/propulsion system to include 
wing, rotor, nacelle, and transmission. Boeing VERTOL is 
responsible for everything below the wing to include the 
all-composite fuselage and tail, the landing aqear, and all 
subsystems. Boeing is also responsible for the aircraft's 
aerodynamics, performance, and handlinog qualities. FEiaqht 
miyving prototypes will be built with a “first fliqht" date 
scheduled for mid-1987. The first deliverv, which will he to 


the Marine Corps, is currently ;<sieduled for mid-199]. 


F. TECHNOLOGY TRANSFER 

For numerous reasons, all substantiated during the flight 
testing of the xXV-15, tilt rotor aircraft could be rapidly 
integrated into the civilian aviation community. Examples of 
highly desirable features inherent to tilt rotor designs 


include: 
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. High-speed cruise capability 

Fuel efficiency in the airplane mode 

Vertical takeoff and landing capability 

Low noise for passenger comfort/community acceptance 
. Low vibration for passenger comfort/less maintenance 


WB WN 


A tilt rotor design for use in the civilian sector can 
have both national and international impact. It could he 
particularly beneficial in applications where construction of 
large airport facilities is either impractical or impossible. 
For example, there is an abundant number of cases where small 
communities are dispersed over vast areas supported by a poor 
ground infrastructure. Alaska, Brazil, Indonesia, Canada, 
Japan, and the Carribean Basin are prime examples of areas 
which desperately need a resource with the high productivity 
potential of a tilt rotor aircrate 

Alaskan dependence on aviation is significantly higher 
than any other state in the nation. Statistics [Ref. 5! 
show that Alaska has 16 times more aircraft and & times more 
pilots logging 15 times more fliaqht hours per capita as 
compared to the rest of the United States. Accessibility to 
Alaska’s natural resources (offshore oil, minerals, timber, 
fish, ete.) could be greatly enhanced usina V/STOL aircraft 
with the versatility found in tilt rotor designs. As this 
state’s economy grows, the need for additional conventional 
alrports could be greatly reduced or eliminated through use 
of V/STOL aircraft like the tilt rotor resulting in enormous 
savings in construction costs. Also, expenses associated 


with the removal of snow and ice from lona runways (75% of 
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expenditures at community airports is allocated to this) 
could be substantially reduced. Canada and Japan, in many 
ways, have conditions similar to those found in Alaska. 
Brazil, Indonesia, and the Carribean are examples of 
developing nations that could greatly enhance their efforts 
towards economic advancement through use of V/STOL aircraft 
which would permit industrial and agricultural growth without 
the necessity of having to build railroads, harbors, and/or 


airports to support expansion operations. 


G. MISSION POTENTIAL 
The VTOL capability of a tilt rotor aircraft coupled with 
l1ts capacity for high cruise speeds makes it a fierce 


competitor for missions currently performed hy conventional 


helicopters. Some of the military and civilian applications 
include: 

1. Troop transport 

2. Search and rescue 

3. Reconnaissance/surveillance 

4. Law enforcement 

5. Medical evacuation 

6. Public transportation 

7. Corporate/executive transport 

8. Offshore o11]1 exploration and production 


Pee EXCESSIVE INITIAL COST 

Although tilt rotor aircraft have advantages which may 
never be matched by conventional helicopters, it is not 
expected that rotary-winq aircraft wil] hecome’ totallv 


obsolete. There are various parameters which, depending on 
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their value, could make use of helicopters more feasible than 
use of tilt rotor aircraft. One such parameter 1S cost. Any 
new aircraft design necessitates a development program which 
translates to high monetary expenditures. This fact could 
make acquisition of tilt rotor aircraft “cost prohibitive sae 
users requiring only a small quantity of aircraft, say, five 
or less. The percentage of businesses in the civilian market 
that would fit into this category is large enough to prevent 
a civilian development program until after the completion of 
a comparable military development proqram. The danaer of 
postponing a civilian program is that, in doing sojeeeee 
United States may very well lose its competitive edge and 
allow foreign competitors to seize the initiative and capture 
the international market that is beginnina to form for Lite 
rotor eater The Soviet Union and France are currently 
working on their own tilt rotor aircraft. For an example of 
lost opportunities one has only to look as far as the Ouiet 
Short-Haul Research Aircraft (OSRA) which underwent extensive 
study and development at NASA Ames Research Center, Mot fei 
Field, California. This desian was noted to have significant 
potential as a STOL transport hut the lack of a military 
development prodqram stallec the desion at the research 
prototype stace. Recently, Japan announced the successful 
maiden flight of a commercial STOL aircraft, soon to he made 
avallable on the international market, which has an uncanny 


resemblance to the NASA Ames QSRA. 
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III. PROBLEM DEFINITION 


A. GENERAL 

Perhaps the most difficult decision that will face a 
potential user of tilt rotor technology is whether or not the 
vastly increased productivity available through tilt rotor 
aircraft designs justifies the substantially higher costs of 
initial acquisition. Clearly, features that would qualify a 
transport aircraft as "successful" include: 
- Low noise 
Long range 
Low vibration 
High performance 


. Low operating costs 
- Low fuel consumption 


OM &WNrF 


Additionally, parameters such as the cost of acquiring» 
real estate and the escalating costs of construction (for new 
airports), aggravation of aur (trative congestion at existing 
alrports, and the importance of time to the traveller, will 
play a major role in the decision making process of civilian 
communities, businesses, and individuals who might be 
considering the utilization of tilt rotor aircraft for their 
their aviation transportation requirements. 

Trade-off studies provide a low risk, relatively low cost 
method of analyzing available options during any selection 
process. In the case of judging the suitability of a new 


aircraft design, computer programs, used for predicting 


A 


sizing and performance parameters, have become a vital tool 


used in the early stages of desian work. 


B. RESEARCH GOAL 

The objective of this research was to make comparisons 
between the performance of a Boeing VERTOL Model 107 tandem 
rotor helicopter (military desianation: CH-46F SEA KNIGHT) 
and the performance of comparable tilt rotor aircraft. 
Specifically, it was desired to use sizina and performance 
computer programs to predict values of "ranqe" which would 


show the superiority of one aircraft type over the other. 


Cs RESEARCH PARAMETERS 
Parameters considered during this research included: 
1. Fuel required versus distance 


2. Time required versus distance 
3. Passenger mile per pound of fuel versus distance 
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MV Oroe RUE LON OF SAERCRAET 


A. GENERAL 

The aircraft studied during this thesis research project 
included the following: 

1. Boeing VERTOL Model 107 

2. 44-Passenger Tilt Rotor 

3. 25-Passenger Tilt Rotor 
All three aircraft are described in this chapter and the 
results of calibration runs are discussed. It should be 
noted that these particular aircraft were not selected for 
reasons related to their size or per formance capabilities. 
Selection was based solely on the fact that these were the 


aircraft for which the greatest quantity of descriptive 


information was obtained during the period of research. 


B. BOEING VERTOL MODEL 107 
1. Description 

There are numerous versions of this Boeing VERTOL 
meeduct “that first flew in 1958. The Model 107 II is the 
standard commercial version equipped with two 1,250 shp 
General Electric CT58 turboshaft engines. Tae Sa iiieary 
version of this aircraft is the CH/UH-46 SEA KNIGHT. There 
are several variations to the basic CH-46 to include the 
CH-46A, CH-46D, and the CH-46F. Typical differences between 


versions include uprated power plants, additiona]) electronic 


Ko 


equipment, and cambered rotor blades. The CH-46F was used 
for all experiments discussed in this thesis. Retereneam. 
was used to obtain some of the more noteworthy specifications 


of the aircraft as shown below in Table l. 


TABLE 1 


BOEING VERTOL CH-46F DESCRIPTION 


Type: Twin-engined, transport helicopter 
Engines: Two 1400 shp General Electric T58 shaft-turbines 
RGLOrs-: Two three-bladed rotors in tandem 
Dimensions: 

Diameter of main rotors: 5 1. fie O eas 

Length overall, blades turning: 84 ft 4 in 

Length of fuselage: 44 ft 10 in 

Main rotor blade area: 39°85 septs 

Main rotor disc area: , 4,086 sq ft 
Weights and Loadings: 

Weight empty, equipped: 13,342 iS 

Max takeoff and landing weight: 23,000 dis 

Max dise loading: ; Dos psf 
Performance: 

Max permissable speed: 144 knots 

Max cruising speed: 143 knots 

Service ceiling: 14,000 Et 
Ranges (with 10% reserve fuel): 

At 20,800 ib (4,275 1b payload): 206 naut mi 

At 23,000 lb (6,475 lb payload): 198 naut mi 
Fuel Capacity: 

Standard configuration: 360 US scar 
Accommodation: 

Crew: 3 

Passengers: oS 

2. Aircraft Calibration Using HES@Grr 


Data for the CH-46F was obtained from NASA Ames 
Research Center. To insure the validity of results obtained 
using HESCOMP, calibration runs were made to match computer 
generated results with descriptive data from Table 1 above. 


There were several key parameters to be considered during the 


Ze 


experiments including: fuel, time, power, distance, and 
airspeed. As such, emphasis was placed on calibrating the 
items that would affect these key parameters. For example, 
to match the aircraft description in Table 1, the HESCOMP 
results had to depict an aircraft that could carry a payload 
of 4275 pounds for a distance of 206 nautical miles and, in 
so doing, use all available fuel except for a 10% reserve. 
Calibration was accomplished using the flexibility built into 
HESCOMP. Many data locations are established to describe a 
component’s weight or performance, as applicable. Some of 
the data locations represent constants and some represent 
muoltiplicative factors. Data can be input based on actual 
values or the user can use the program, in some cases, to 
calculate approximate values. The values of component 
weights, for example, can be input based on known data or the 
program can calculate them based on weight trends of other 
aircraft in the same weight class. For the CH-46F, when =e 


empty weight did not match data from Reference 6, the "Body 


Group Weight Factor" (location 2622), which varies’ the 
fuselage weight, was manipulated until the desired empty 
weight was obtained. After consideration of the parameters 


being analyzed, it was not felt that this "fudge factor" 
would have any impact on the results. This flexibility 
allows for convenient and very precise control of many of the 
parameters in the program. As can be noted below in Table 2, 


the calibrated aircraft description used for HESCOMP very 
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nearly matches the performance specifications of the actual 


aircraft as described in reference 6. 


TABLE 2 


COMPARISON OF ACTUAL CH-46F AND HESCOMP CH-46F 


ACTUAL HESCOMP % DIFFERENCE 

Dimensions: 

Main rotor diameter: Sl OCOMEE Ser Jeo at 0.067 

Length overall: 84.333 ft “637900 Ge O'S5ams 

Fuselage length: 44.833 ft 43.700 ft 2.526 
Weights and Loading: 

Weight empty: 13,342 lb 137642 2. 0.000 

Operating weight: 14,055 lb “47055 ae 0.000 

Payload: 6,475 lb 6,475 ib 0.000 

Fuel: 20 Lp 27550) oe 0.000 

Gross weight: 23,000 lb 23,0000. 0.000 

Disc loading: 5.629 pst "“S.637eese 0.134 
Ranges (normal power): 

Ata 207300) Gib: 206 nm 206 nm 0.000 

At 223,000 1s: 198 nm 198 nm 0.000 


32 Programa bata 

The program output that was generated by HESCOMP for 
the CH-46F calibration run is shown below on pages 23 - 41. 
Pages 23 - 26 show the "echo" of the input data file. 
Mission performance data begins on page 34. It can be seen 
that two missions were flown. The first mission was flown at 
the aircraft’s maximum gross weight of 23,000 pounds. This 
was done to insure that the aircraft was sized properly by 
the program. The payload was reduced for the second mission 
which was flown at a gqross weight of 20,800 pounds. The 
aircraft°’s maximum range (at normal power setting) was 


calibrated for this weight. 
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C. 44-PASSENGER TILT ROTOR 
1. Description 

The first of the two tilt rotor designs used in this 
study is a civilian derivative of the V-22 OSPREY. This 
aircraft design was the subject of a study [Ref. 7] conducted 
by Bell Helicopter TEXTRON (BHT) wherein the 44-passenaer 
tilt rotor was shown to be substantially more cost-effective 
(despite a higher acquisition cost) than the 44-passeneen 
Boeing VERTOL 234LR. This tilt rotor design features two 
General Electric T64-717 engines that each produce 4855 shp. 


Reference 7 was used to compile the information in Table 3. 


TABLE 3 


BELL HELICOPTER TEXTRON 44-PASSENGER TILT ROTOR 


Type: Twin-engined, commercial transport aircraft 
Engines: Two 4855 shp General Electric T64 shaft-turbines 
Rotors: Two three-bladed rotors on wingtip nacelles 
Dimensions: : 

Diameter of main rotors: 33 fe. Oa 

Length overall: 60 S601 lee 

Length of fuselage: 60 ft ella 

Wing span: 47 ft 10 a 

Main rotor disc area: 2,268 saan 
Weights and Loadings: 

Weight empty, equipped: 26,676 is 

Max takeoff and landing weight: 44,000 lb 

Max disc loading: 1954 psf 
Performance 

Max permissable speed: 360 knots 

Max cruising speed: 300 knots 

Service ceiling: 34,000 fe 
Ranges (with reserve fuel) 

At 44,000 lb (9124 lb payload): 725 navteme 
Fuel Capacity: 

Standard configuration: 1043 US gal 
Accommodation: 

Crew: + 

Passengers: Aa 
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2. Aircraft Calibration Using VASCOMP II 
Basic data for the 44-passenger tilt rotor was also 
obtained from NASA Ames Research Center. The similarity 
between VASCOMP II and HESCOMP permitted using an identical 
calibration technique as that described in paragraph IV B 2 
above. Table 4 shows the comparisons between the aircraft as 
described in Ref. 7 and as portrayed through the VASCOMP II 


output results. 


TABLE 4 


COMPARISON OF BHT AND VASCOMP II 44-PAX TILT ROTOR 


BHT VASCOMP % DIFFERENCE 

Dimensions: 

Main rotor diameter: oa. OOO fimese.OC0 £t 0.000 

Length overall: SO.o;)° £toO 100 Set 0.025 
Weights and Loading: | 

Weight empty: 26,676 lbiaeze, 6/76 1b 0.000 

Operating weight: 27701 O peewee 7.6 1b OF0C0 

Payload: Sle 4 el 9,124 1b G2 C08 

Fuel: . 77,000 1b ano OO Lh OZUOe 

Gross weight 44,000 lb 44,000 lb 0.00 
Ranges (normal power): 

At 43,676 lb: i225 Tim 25mm 7000 

3. Program Data 


VASCOMP II output from the calibration run is shown 
on pages 44 - 60. It should be noted that the output closely 
parallels the format and sequence of output generated using 
HESCOMP. Due to the limited information available, only one 
mission was programmed. A maximum takeoff gross weight of 
44,000 pounds was used for the mission to calibrate the 


aircraft°s maximum range. 
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D. 25-PASSENGER TILT ROTOR 


i Deseription 





Gomess tiles rotor deston 1S, in actuality, the V-22 
OSPREY that was discussed in Chapter II - BACKGROUND. It is 
described in reference 6 and reference 7. Both references 


were used to obtain the specifications listed in Table 5. 


TABLE 5 


BELL/BOEING VERTOL 25-PASSENGER TILT ROTOR 


Type: Twin-engined, military transport aircraft 
Engines: Two 4855 shp General Electric T64 shaft-turbines 
Rotors: Two three-bladed rotors on wingtip nacelles 
Dimensions: 

Diameter of main rotors: Soesereo) if 

Length overall: . DOME Orn 

Length of fuselage: SGmmee HO 71h 

Wing span: 46 ft 6 in 

Main rotor disc area: Ce OSmsca ft 
Weights and Loadings: 

Weight empty, equipped: 26,858 lb 

Max takeoff and landing weight: 43,800 is 

Max disc loading: 19.300 psf 
Performance: 

Max permissable speed: 360 knots 

Max cruising speed: — 300 knots 

Service ceiling: 34,000 iG 


Ranges (with reserve fuel): 
At 43,800 lb (10,000 lb payload): 400 naut mi 


At 35,400 lb ( 1,600 1b payload): 920 naut mi 
Fuel Capacity: 

Standard configuration: 1043 US gal 
Accommodation: 

Crew: a 

Passengers: 25 


2. Aircraft Calibration Using VASCOMP II 
Basic data for qeneral dimensions, aerodynamics, and 
engine performance is identical to that used for the 


44-passenger tilt rotor aircraft. Tahle 6 shows the values 


ol 


for aircraft specifications as obtained from references 6 and 


7 and as obtained using VASCOMP II. 


TABLE 6 
COMPARISON OF BELL/BOEING AND VASCOMP 25-PAX TILT ROTOR 
BELL/BOFING VASCOMP % DIFFERENCE 


Dimensions: 


Main rotor diameter: 385000 ft Tse 7 O00C wm: 0.000 

Length overall: 56.833 ft 56.600 0.410 
Weights and Loading: 

Weight empty: 26,858 lbi2Gr eos 0.000 

Operating weight: NOT SHOWN 29,268 lb 

Payload: 10,000 lpeere7eoo ip 0.000 

Fuel: ODOM. T2000 TLD 02008 

Gross weight: 43,800 1b 43,800 lb 0.000 
Ranges (normal power): 

At~43, 000: 400 nm 400+ nm 0.000 

At 34,600 lLb:. 920 nm 920 nm 0.00¢ 


3. Program Data 

The following pages are a reproduction of the input 
data used for VASCOMP and the output of the program for the 
calibration runs. Two missions were flown. The first 
mission was flown at a gross’ weidqht of 43,800 pounds to 
properly size the aircraft. This mission was hased on the 
US Marine Corps requirement for the V-22, in the medium 
assault transport role, to have the capability to carry 24 


troops plus equipment on a mission radius of 200 nautical 


miles. The second mission was representative of the US Navy 
requirement for the V-22, in the combat search and rescue 
role, to be able to fly a 460 nautical mile radius to rescue 


four people. 


62 


00SZ ‘0 
00 °SE 
860 “T 00+H0000 ‘0 
SO-HOOOT “O 000‘? 
QO T GOGlZ 
GOGO tr 
Secor Oo 
TO-F0008 °0 
OOST ‘0 Ob “9E 
00S ‘9- 0‘OOT 
GCOms @ 706s 
00+H0000 *O 00+8H0000 ‘O 
00+4H0000 “0 000 ‘T 
000 ‘? G00. T 
PIWA SIVA 
(¢ dO XW) 


OOO € 


OG 76L 
0 ‘09z 


Oso 1 


OO+d 
OO+H 


oN SN See 


Nc 


00+H00 
O0+4 3 


00+H0000 0 
cIWA 


O 
O 
O 
O 
O 
O 
a 
O 
O 
e 
O 
O 
O 


Oe@QO@QOQ oS 
O0Ow 
OO 


O 
ort 


S10) 7S} 


O°SLL 
S0+9000Z “0 


O00+H0000 O 


00+H000 


muy) 


OO+H 


OOOO «NOOO : 
ee lote 
OY) ° ° 


O00 -¢ 
O00+H0000 © 


awe 


O 
O 
“0 
O 
< 
uC 
‘0 
O 


rr 

© 

1 

[x] 
~~ 
eloro 


SCs cyl Leanne 
HANAN (ANNN 
© 


oS 2 


? 


OO+d 


° °. ° rAd e 


OO 


° Ot e oe 


@O@2 02 OO0O003' OO@COOOMNOOOGOQOO00O 
ON . mOANNdne 


ODDO OVOOOCOCCOOCOOOOCOONOOO0O0O0 
ODOOMOOOOON -<OWMOO0O .WOOMNTOOOMMNWYN 
™ 


"IWA 


€COOO+ “ODOT OL DONIGNOdSHYHOO AITAVIYVA YO ANIWA 
cCOOO0+ “OOT OL DNIGNOdSHHNOO AIAVIYVA YOX ANIVA 
TOOO+ “DOT OL ONIGNOdSHYYOO ATAVIYvVA YO ANIVA 
“ODOT OL ONIGNOdSdYuOO ATVI 
‘ODOT HLIM ONILYVLS SHNIVA LAdGNI ‘IVILNaN 
LAHHS LNAdNI NO NYAIO YHYRAWNN NOTLYOOT 


VA YOd ANIVA 
aS 4O YdadWwnANn 


Ht EE TE EE tt Ee 


= 
= NM MO NNMNIEMAPIMNNNAMNAO YA toe 


[x] 


SAA NNANNNANNN ANNAN OD 


AOATOATOMOMMONMNAADPAPOOMNMOMHN 
FAAANDNOOTAANNMNNOOOOAANONMO 


0 
O 
4 


aSVO SIHL wdOd AOYA GAGNI FHL FO NOI LONGOUdaa GavoO Ad GuWO W SI ONIMOTION AHL 


eo-d 


CT dowd 


WYYOOUd UALNdWNOOD AONVWUOMUAd ¥ ONIZIS LAVYOULWY IOLS/A 


el deh Oo OS. Zan 


YOLOU LIIL UMONESSWd GZ - XAC G8/SZ/TT ALVA 


63 


re 
© 
1 
[x 
© © = © 
@) S N ; 
Ww ° WO oO 
~% uw) r- CO 
2 ma e r—t 
© © 
Ww ot reo 
© @ Of 
+ 1 1+ 
[x] YM Wy 
© © O@Qo@ Se © 
@ SS [oe @ © S. 
© © I «HO © N 
~~ re MONO WO : 
* e Lf) ° ° e N 
© © On@e © 
tar O 
O@@ 
11+ 
(x) [x] [x] 
© © woe @ ON Or (Oe 
© OOce.2e@ ON 2 i & eS 
S&S HH oOo Ost , ; ; 
‘ HOMOnAAO 0%) CO, 
4 Namm... ro ast ™ 
i ‘@elele) © 
© td -4 sf 
© OOO 
+ ie 
[x] [x] fx) [x] 
OOO0OO -OOCOO0oOO OO OR. © .@@ @ 
OOWOOO 45697Co@ OO” Or Vo, @:. © 
OONDODANNOOO ON mM. AN OO Ww 
“ONM . eine Om mw rc [> ‘ 
Ndwd MONMno... = rc » my N 
OOO Seow e B, 
m~OONO Os re Sar 
OOOO CO © o” © 
+++++ + | i + 1 
i 


If fx 
OO ODVDVDOMNWDODVODOMOOWDOCWVOCO0O0O0O 
WMO OODODONN O00 -ODOODOO0000WN 
SOOOOWOO -O0O -MOMTOMNAO oes 
O NOONOHAOCOMAPFOMNA Po .ANO .lN os 
rairct e er e ora ero e 
OC0000O OO eo eo © OO O 


OOE 
OOE 
OOE 
S6E 


NQANANANAMNMN FPHN ARAN MNYNANMATAMONTRRHN 


MNOMNOOMMNOAOHAONMOMOPONEOMHOM 
OAMAMNODDANANOONNNNMNNADNFNOWO HAAN 
MOOI MOOHAHA HAHAHAHAHA PPPIMMANNN rr 


0. OOOCE+ OO 
0 


OE+00 
OE+00 
OE-O1 
OE+0O0 


OO0O 
OOm@ 
Ge ri@ 


C000 


NOO 


. OOOOE+O00 
B.2020 
OOOOE+00 
1492 
OO 
80 


0 
OF 
OE: 


ECONOMICS INPUT 
> 
2 


MAMNANN 


ANOHOH 
Ovr~O MMO 
WwmMwmvwrw 
adder 


0. OOOOE+00 
O 
O00 
OG: 

0. 8000 


Z. 000 
OOOE+ 00 
5 
0 

O. 6000 


E+00 


2 

2 

O 
0. 4000 


O10 
al 
1 
O 
+ 
0 
0 
O. 2000 


OE-O1 
E+00 


ONOO 


64 ENGINE DATA 
OO 
OO 
OO 
le 
65 
70. 
OO 
OO. 
O00 
O00 


rE 
5 
9 
O 


“NNO 
se AMnNWY 
© 


O 


G 


MLIANAMNMNNIANTWY 


AAOMNAOTAWOHNO 
MONNODONANAAN 
MNANNANM MOM) 
osodassninee 


rc 

© 

(2 

OQOOODUNMNWN ° GOOa@QQQOQ . QOODODONWMWWUONM . O ODO00OMOr 
OnOrinniO Oo OOWOMOMOI>O ONMOMr-ONATOO OO WOWOANOWM 
WMAMONHDA © ONNTHOWN™O OMnANOOOOO O ODMONHMH?O0Or- 
mW wo e e e ° O*V OMINMYMAWMWWM WO CW OVO?’ ® e ® CO LO WMWMdd? e e e 
e ® ertraeie rc ® e s e es e e e e e e meses e e e ° resi 
OOO OOOGODOO0@ Oe ee@® © OeCog 

rei 

© 

7 

moOOOOWO A QO@QQQQ0Q00'. QOQOQOO0O01mM . © QOoOoodndr 
OoOwoorst Oo OODWOTMONMOOO OMDDIONMrO OO WOwWOOAINOW 
ONMORNMME OO OnTMOMOANO OVUAnDATHAODOODO OO OAOAWMfO0Or- 
WC as cs ce OMINMYMAHNWl?WO WOWMOrVO, .-. OO SS! wWMwomor.. .. 
e e mestoaiecd | e e e © ® ® e er 6 e e 6 eicsodeo e 6° e e rade 
aOO OOOO0O000 QOQOOO@ © @QOQOo@ 

cc 

> 

x 

ODOODOMOO ° MWeem@Q@QQQ@Q =. GDOOOOTNO . .© OOQOOQOOr 
OOMOMNMA OO ONDdDOMAYPHOO DDMDANNTAMOOOO OWOTMNOWM 
UOMMOAHRMO O OOONTHADNODOO DNHAODAMHNOODOODONOONO OAOwWMWrO0Or- 
MeoniOO) « » « WO TANMAMMMHAN HOMO DO. . TNN MWOO.. . 
e e e emeicac = e 2 e s e e e oroHN a e oe 6 msstoN e e a e erode 
OdO0O BDOQoQoodooe OQOOe@ 7 OOO 

ei © 

© =) 

i + 

fy. fx] 

@Ol@el@ele@eleeleelle or oOOOOOQOo.. DO@OO00Or-A «. © OQO0O0OMOr 
OWMNTON ODO OOMHAMONMOO DOHAMNAAANVOOCO OWOOIt*nNowm 
MMNNANWO OO DOOHAMDAOOOO DNODMNAODDOOCOO DAOWrO0Or- 
MmOWOY . 6 e VN NANMAIHORNO NODMOO. «. NOOO MWMO... 
a ° ® or oe mnN e e e ® ® ® . ormtTN & e e a msn e e e er ro 
OOOO O@QOQOOO0Q @O@QQo@ O@@@ 

cj Orn © 

© @@ © 

i + 1 + 

[x] (x) fx] fx] 

—BMOQOONNOO . DODDOOOOOO .OODOOOODOMNGADO ODOQOdO00MOr 


ONDNOOS™ODODOO OM MMNI~+DOOOCO PODDONNHNWOOOOWOVUOANOWM 
OMANODNNOOOOOPOONDTMOOOOTOMNDODOOOOOOOOWMOOr 
OMwod. . NO ONNMAAMNWO .OFv -Owomoo... Ov .OMWdO. . 

© eter IND ew ew 6 ew tw ww ow ew ww errr). ew ew ew erties 
DOQQQOQO000 @2O@QCE@ @Q@QQOO0 


WMO UNLOAWLLO LOLLY AL NAN WMMNWMNNMNNNMANMNNWNMNNNWMNNMNANNWMNWMWMWWN 


ONDTHOVONTNOMTHOWONDTHOWODMEDTHOONDTHONEAVDTOONOS 
ANOMAPMO MOMS DDDAHOOANNAMAHPINOOMESOHNOOTNHAANMMAIWM 
MAMMMMMMNMMMNMMNMMHPHPHPHHHPHPHAPHPAPHAATHNONNNNMNMMNMNM WM 
Seeders ndindine 


a5 


E+00 


D@QoO0 

2) QQ @. 

Ge@oeoo@ 
AD, e 

WY .ttwo 
© 


OOOO 
ZS ele) 
elelele) 


HOMO) 


OOOO 
OOOO 
COO 


MOAN rst 


MNa4dn 


LOWLILOLO et 


[I~ANE AE 
NAM Sth 


or OOP at 
OO Oe ee 
ne “te | i 
fx} fx] i ff fw 
elolelelelelyi'ela, 
OONMODOOWOW 
ONDOOOUNWO 
ON -© .4 .- 


or 


O 
O 
O 
3 
O 
O 
O 


Or aera 
OO O~ 22 12 
Tl an | 0 
fr} fx] i & 
OO0O000Orwt O 
OOMOOOW OW O 
OMNDOOOWrnMO Ww 
OnNm™ 1 ord rc N 
* e OY ero rc . 
Goo. oo 2 © 


Or ot. eo OO S © O S 
2] @) 2 ie & A SE ele) S © © eS 
+ | + F F + + + + + + + 
rf) Ba el ee) i) fx] fx] fx] fx] 
QOOOCOOOFMI-~OO =; ._CGOOgQOOoOOOOCOO@ .©eegeee>©G O 
CON DODO ODOODOODODOOMOOOO -<ODNOOOO -ONMNOOOMMNO @ 
ONDOOOCUFODOO0O0 .WO0O0O -<OOdOO0 .©OOO0eece Ve = 
ON™ .O Ff wt .O00 .Om -OCOON [- COONCGh~ .2e°0)'-e (@) 
oo 0) ord od ord orIN 1M. INDN «ft .NAOD . oes : 
OOO =@'oQ er @ @ “OCG CO ol OO “eee e Oo 
Or ie een Oo © © oS oro 
ele) o-oo © OO © © ) og 
+ | + F§ F + ++ + + + rt 
fx] fx] MM & & wz capes fx] fx] [x] fr} fx] 
OCOOOCO0OOrmMr0OO QOCOCQQOOQOQOOOCO0OO .C©Oeeceeee eae 
OOMOOQOOQOWOCWOOVOOOOOMOO0OO .ODOOCO0C0O -ONnee@eeooneeoae 
ONDOODOOTFAOOOQOOO0O .WOO0 .OCO0O00 .OOOCeeceaoOaeceqcn= 
ONM .O «ft ot OOO .OT OOOO. . OOOOO™ .AOnmi-ONmi~. 
OD rd ord ord CAM AAN ww CEINHN A WNW oN eM | 
OOo" ©: @ © Oo  @GoqQ Ol OG @eqgqe Vee 


SAPD HPD PD PHPINAAAAAANAAAAANANANNANNANNNNANNNANANANANN SAO eS 


AAndinnininninindinnnndnn nnn nnnAninnninnnninnninnnANnonoOo 

OnAnTMOTANOMOHAANTHNHNOPMOANMNVUDONMNUOPYDOFnNMOHAMAMO 

MUMNWWUWOUWODOUOUS YY DOD DDDDDAAARARAHAHAOOOOOnnnner 
Adndndnnnen 


F6 


G4aL0gdTasS NOISINdOUd LHIT ON 


QGATTHOVN “ONG LAT 


A7 


LAOS T ‘8L¢ VHUVY GALLAM NS 
La E°G UALANVIG NVAW Nuvda 
RC PA HLONT NY 
ATIAOVN “OND AUVWIYd 
CGECO “AHOO ANNIOA AUVGA 
La O°€€ WUY LNAWOW A rE 
OOT “O GYOHD / SSHNNOIHL AMO yale 
A vee GYOHD NVA LAUVAO 
ba O Sen Nvds LA 
LAOS L°O8 VAUV LAS 
OG 7 OILVY LOWdsyV LAU 
TIVL “LUA 
O02 1 “THOO AWNIOA HUVdGA 
La bp 9E WHY LNANOW H a4 
OST ‘°O GYOHD / SSHANNOLHL LOGeAa. 
AB 8°S GYOHD NVAW LHUYVdO 
ba 9°72 Nvds LHd 
LAOS O°SZT WAUV iS 
00° OILVUY LOSdSv LHUWY 
TivG5 uO 
SEZ O “‘WId ‘dOUd / GYOHO NVANW Gis, NYS 2) 
LAIOS/GTI OnOOt ONIGYOI ONIM S/9OM 
SAG 8 SSHNNOIHL dIiL L 7 
EZZ‘O SSHYNNOIHL LOO Mio 
000 ‘T | OILVY Ud VYadanwv 
949d G‘*9- daHMS GYOHO UALYYN D9 Vddny' 
Lol 6°8 GYOHO NYEW “WOW9 MUVdO 
La P69 Nvds q 
LAOS O°SEP WAU MS 
LS °S OILWY LOSdSV UV 
ONIM 
LAOS “9ZOT VAN GALLAM as 
La 9°9 HLGIM AM 
La 9°9S HLONAT AT 
AOVIASNA 
d1 -‘OO8€b = LHSINM SSsoUd 


(S )NOILVYALI T NI GHOYHANOD NNY SIHL VYLIWVd 3ZIS 
£6-d WWYDOUd UALNAdNOD AONVWNOANAd ¥Y ONIZIS LAVYOMIV TIOLS/A 
Pid ih 0.9 Saw 


cf MOVd YOLOW LIIL YMONASSWd GZ - XAC G8/SZ/TT ALVA 


O4AS/LA OLG ey qaaqdSdiL LA 
080 °0O OILWY snidvu / LNOLND Aavid Ys 

O00 76 dOud/SaqvlId dO ‘ON SHaGVYId ‘ON 

O60. c SUATTqdOUd JO ‘ON UN 

OGL O Kai 16> “ATHOO LSNYHL WAWOIS/LO 

LAOS/AI E61 ONIGYOIT OSIA Y/OM 
60T ‘O KET aLi1cs d/uad WAOIS 

La O°SE UALANVIG q 


qa TTadodd 


68 


el eo aos HLONAT dOVTSASNA TIWLOL 


HLONAT WId “LSNOO 
HLONAT NOLLOdS TIVL 
HLONYIT NOILOXS ASON 


Hi 
fry 
en co 
OO 
Ho 


YHLANVIG AdOd 
YHLAWVIG NIGvo 

VHUVY LASOTO 

VAY AA TIVO 
SHIYOLVAVT dO YHaNWONN 


YO SSVIO LSIMNOL xxx “NI 
YO SSVIO LSIYNOL xxx NI 
8s 


OONrwm™ . 
COONS 
tr 


iE HLGIM WISIY 
a HOLId LVdSs 
c HLGIM LVAS LINN 
Sad iSity HO ON 
LSVHYdVY “ON 
“O ac ‘SoSvd do oN 


SSWIO LSUIa LS TYNOL 
| I RdeeoReeT 20S. Secmomea css y 4 
€6-d WVYDOUd UALNdNOD AONVWYOANTd ¥ ONIZIS LAVYOUIV IOLS/A 
II dWOOSWA 


Paper 
MHrir 


€ Wovd YOLOU LIIL WAONASSVd SZ - XAC G8/SZ/TT ALVA 


GQ 


-60SC LHOTAM ‘IONYLNOO IVLOL JAM 


0 INAWHYONI LHOSIYM IOULNOO O4M VLG 
TON WSINVHOUW LIIL WIM O2@X 
70) SYS SYSM 61M 
"SEP STOULNOOD ONIM GEXA MIM 8M 
"0 SOIINVUGAH HM LT 
abe STOULNOO wHddn 90M 9IN 
"06 STIOULNOD LIdNO00 JOM STM 
dNOUS SIOULNOO LHS 
"7906 LHOIHM dNOUD NOISINdOUd IWLOL dM 
°O LNAWHYONI LHOSISM dNOUDS NOISINdOUd dM VLIEd 
"68S WHLSAS TWN SAM TZ. 
9SZ NOILVIIVLSNI SNIONY AYVWIYd IddM LY 
0 NOILWIIVLSNI SNIONY Lay IHIM 9% 
PCET SHNIONY AUVWIYd dHM Ss 
"0 SHNIONS LA THM > 
WANSIS WHLSAS HAIG SGM €% 
“OV6Z dOud YO YOLOU d/uM Zr 
dnou) NOISInNdowd 
"8006 LHOISM AYNLONULS IWLOL LSM 
6 ENSAWSHYONI LHOIXM BUNLONULs rsh VLIAG 
0 “LVAUL OILLSNOOV ANION AUVWNIYd Z )SHOVdS 
L8F NOILOYS ANIONY AYVNIYd SHdM PIN 
0 NOILONS ANION LAI SHIM €Ty 
EEST . YVHO ONIGNVI NIM CLIX 
8ZOP qOWTWSNA aM Tix 
LO TIVL ‘“LUGA LAM OTM 
O9€ TIVL “YOH LHM 691 
Z6LZ ONIM MM 83 
dNOUuD SHUNLONULS 
00S ‘% YOLOVA GVOI ALVWILIN AMM 
960 °Z YOLOVA qvol 3sn9d TTD 
OOO ‘E YOLOVA GVYOIT YSANENY ATTN 
Sad1 NI Ar Pe eG Pe = Ga ec: Ge | 
€6-d WYYSOUd YUALNdWOOD AONVWYOAUNd Y ONIZIS LAVYOUIV IOLS/A 


be, wd dNicOr OS 7 ak 


bp WOVd YOLOU LIIL USONSSSVd S$Z - XAC S8/SZ/IT ALVA 


70 


‘OO8EP 


nw au, 
“Cea 


“OOO0OT 
[oI Coc 
aoc 
Soe 
‘08C9 


LHOIYM SSOUD 


Tana 

avoOTAVd 

ALdNA LHOISM ONILVYado 
avOl Indadsn dsexl4 

ALANA LHOIAM 

INAWd INOS GaXI4 JO LHOIAM 


OM 
ya J 
"IdM 
AMO 
MNaAM 


aM 
GHoM 


ea 


G HOoVd 


O0OOL6°O = AONHIOIAAY NOISSINSNVUL 

Wd YHAOH INWOUNd O'OOT’( ‘*d'°H DILVLS “1°S GYVGNVLS. XW ) 

UHMOd GHTIVLISNI SANIONA AUVWIYd IVLOL JO INAOUAd ‘OOT LY GHZIS NSWX 
GSLOa1HS WIOAD ANIONA LAIT ON 


"dein OO OC = GHLOVaYLXaA AYHMOdYSHYOH AYOSSHOOV 


DBNAdNI Ad GHXIHY SYM aZIS ANIONY 


L122 °O = ONIGVOT YaMod 
dae OLL6 ‘dH OILVLS “TI'S GaYvGNvVLS “XVWN d+xdHd 


SAINI ONS SC 
ANIONG LAVHSOddnt 
Oat ‘ON HTIOAD NOISTINdOUd AYVNIYd 
Wabi aN 7OC IS Vetch. ded 
eO-d WYYDONd UAINdWOD AONVWNOAUNAd ¥ ONIZIS LAVYOUIVY TIOLS/A 
Die ga Chl Or aS SW 


YOLOU LIIL YMONASSWd GZ - XAC S8/SZ/IT ALVA 


ve 


NVIdwa wu 


OV 
Ay 


LAOS 
LiIOS 


9 dvd 


Soma 


6L°O YOLOVA CIYMSO oy 
T8698 ‘PF AdOIS LAIT d-€ WHd1V Id 
SG8TLO‘°O LW 
EZETE'O OV 
SOTEO‘O GW 
CLO. 0 PW 
T602LT ‘O EW 
ZOETT ‘O- CW 
STS6S ‘O LW 
| A eeeO Deel NeVIN AGeO Siac vy 
OLS ‘9 Ti IWLNANAYONI qq WLIad 
000 °O Wi ATIHOWN “ONY Lal NIWA 
000 °0 Fd ATTAOVWN “ONY AUVWIYd NAA 
000 °O qi IIVL ‘YOu LH 
000 °O We a vile eels LATA 
Z6e°L qq AOWTWSNA Ada 
000 ‘O / j Wa ONIM MAA 
LIOS NI NMOdUMUNVAUNA OVUA 
E88F00 'O “FH40900 NOILOIYA NINS NVAW JUV 
"6E8Z WHUY GCALLAM IVLOL LHMS 
Z98 ET WHUV ALVIdLVIA WALLONIA IWLOL qa 
YELvVdad SOIWVNACOUAY 
WWUDONd YUALNAdWOD AONVWYOANAd Y ONIZIS LAVYOULY IOLS/A 


ri. 


al WO ou /\ 


YOLOU LIIL YHONASSVd GZ - XAL G8/SZ/TT ALVA 


es 


128 99901 7S 66€° 0°0SZ O0S~t'O0 d ‘L6~PT ‘I9Z ‘“OOOE VS8LIb¥ °“9TOZ 0°O002 ITS ‘0 
GZ8° €S90L° PHS 66E° 0°0SZ OSP'O0 d “L6PT “T9Z “OQOOE TSCCV “9PST O°OST 029°0 
628° LEIOL’ €VS° 66E° O'°OSZ ZSt'O d ‘S6PT “°19Z ‘OOOE PCLCV ‘9LOT O'OOT 62% ‘0 
€€8° OZ9OT° EDS* 66E° 0'0SZ ESb'°O d “667L ‘T9Z “OO0E V6LER “909 0°09 "“2ee0 
9€8° g030T C75 662 0 OSC S57 'O0 d 00st T9e 990 2u2k vat Ge v0 9 
ddtn ) 4Had a) (La La qT q1) (WN) (S4H 
dOud FONVY AIC HOWW SVa YO qo dNHL Sv LIW ZHOIHM ddasn ONY FNIL 
dVLa O4dS HOV ALHd ONY Gun Saud THN 
4°9O8d0 €°8Sb = AYNLVUAdINAL ONILVWY ANION TIWANUON LY ASINUO 
Ziak bage cer [TLZ° 8S ‘°69T 0960 iL -O2SL Fa 2000 OVIECb “PST Z‘Z aon 
0O°O? “8Z8E F8b° 897° 8'°OLT 6960 L “O2Z8L “SZE 0002 P99ECP “9ET FT OSOr0 
0°02 “S96E 880° 897° 6 ELT 996°0 L “O28L “9ZT “QOOT CSICP “LIT =2°O 970 ‘0 
meee BTTR ZC6v° 897° E'LLT L86°0 L o¢st ELE FOLEY 66 0°O 70° 
oad (Wd 4AHad ARS La ) qT q1) (WN) (S4H 
a O/-a AId HOWW SVa YO dod dNHL SVL LIW dQZHOIHM agyasn ONY AWIL 
ARCISAR HOV ALYd OND GOL Saud Tana 
ONILVY ANIONA AUVLITIN LY O/Y WOWIXYN HLIM “La “OO@GHROL Banilie 
99IT°O 80L°0 SPI °T 000°0 O0O'T L “OS8T ‘O "0 TOLEP ; ZO | 
Soll © GOO erl Lf 000'O 000 T ir 098 me) 0 QELEY ee 0 "0 759 
LHDSIAM 4Had Yu) (Ly) La ) qT qT) 28, SUH 
ee) Wa Ol ALT YO Wdod dNHL Svs LIV LHOISM dHSn ONY WANIE 
LSNYHL 4ALHd ON GOL SquUd THN 
4-940 0°6S = FuNLVUFdWNaL NIW/LA 0°70 = Q@NITIO dO ALVY JVOILYAA 
“SYH LTO°O UYOd OOO'O = ALSTI OOO'T = ALNd LY GNVI YO ’YHAOH 'AAOUNVL 
88°83 $28°3 “Seat :e BoGE8 Bo 88 Bae 
4AHad a (Dr) Poa) ‘Ue5§ ar) 0,0, 690 "9 
ALA YO doo dNHL SW. LIW GLHOIHM dasn ONY ANIL 
ALHd ONW GUN Saud TAN 
4°99 0°6S = AUNLVYAINAL ‘ONILWY ANIONY AICI GNNOUWD LV SYH S$ZO°O YOd IXVL 
Y be vod oO Nery Wy dO ae a Neon Ses i Wi 
€6-q WVYYDOUd YUALNdWNOD AONVWHNOAUAd Y ONIZIS LAWVYOUIVY IOLS/A 
Woo Ss veld 2 nach 
L woVd YOLOY LIIL YAONESSWd SZ - XAC SG8/SZ/TT ALVA 


74 


‘Ooo. BESCE FT9EE OO “OOF CTO t 
(La ) ie “Sq ) © da85 Cn N) Psa) 
“LIV LHOIAM qasn TONY ANIL 
“Sddd THN 
‘La MOOOe OL AGNLILIV UAASNVUL 
[00°O TZ0'0 «6 oOst *O. 6 COREE “LEGE O“OOb £6 "t 
AHAd 745 (Dr) Una) (443 FESS Cus (ean j 
ALA YO dod dNHL Sv. LIV LHOIHM dasn ONY WAIL 
AL9d. OND ANIL Saud aie alee 
4°9O90 0°6S$ = AUNLVUNMNAL ‘ONILVY ANIONA AICI ANNOYS LV SYH S$ZO‘'O YOd IXVL 
SOME OncOL sO. asec 1 000 0 O00 | I 2O6e.. “Oo 0 "E9B86E “LEGGE O {OOF P6s | 
SOMO meOmnOr cae [ O00 0 O00 T iE OFst "0 - ‘PEGGE 7288 or nS” tS se) 
LHS1ISM AHAd a) (ma) Te) qT qT WN 
LO Na oT ALT YO wqod dNOL Sv LIV LHOISM dasn ONY ils 
LSNYHL AL9qd OND Guns Saud TaN 
4°O4d 0°6S$ = FUNLVYRdWAL NIG iso = QNITO 40 ALVY JWOILYAA 
“SUH LZTO‘°O Yoda 000'°O = ALHTI OOO°T = ALHd LY GNVI YO ‘YHAOH ‘AAORNVL 
"€- “PI6L LtS° BLE* 0°OSZ 8600 TeeOMer © 20S ¢. 120 SE66E “Z98E 0'OOF LLG 'T 
"€- “°LT6L LbS° G8E° O°OSZ FOTO 1h OVER We SA OORT OS66E “OS8E B°L6E 89ST 
c-OlLGteLyS coe 0 O0Sc GOL 0 Tt Ome l loc soo CI66E “BEBE S “SEE 09ST 
c= q29¢ 7S oes? 70. OSc StL. o it O4<1 E94 "0008 FLoge Est S EGE eas.) 
qd ) Nga ) AJHad Mt) AGT La qT qT (WIN SUH 
a S/a AIC HOVN SVa YO wadod dNHL Sv. LIV CLHOISM adgasn ONY FAWIL 
VLYHL HOVIN AL9d OND GYNL Saud THN 
GaudS “XVW LV’ “IW’N O00 ‘OO? = 4’ ‘La “oO = H OL GNgaosaad 
8° €690L° 9FS° 66E° 0°OSZ 8RT'°O d ‘96FT ‘T9Z “OOOE E€L66E “LZB8E G°EG6E ZGG‘T 
8° Z690L° 96S° 66E° 0O°OSZ 8tb'°O d ‘96FT ‘T9Z ‘OOOE 6LEOb “ITZPE O'OSE SBE'T 
8° 9890L° SbS° 66E° O0'OSS BEHE'O d ‘96FT ‘192 ‘OOOE Lb8Ob “ES67Z O'OOE FETT 
8° 8L90L° SbS° 66E° O'OSZ 6htT'O d ‘96%FT ‘T9Z ‘OOOE GECELD “PRSEC HON OSie HCOOrT 


12 


48.3 DEG. F 


TEMPERATURE= 


TURB ENG PETE 


TAS TEMP CDE OR 
6 
5 
5 
5 
> 


FOR RESERVE FUEL 


ROLLER; POR W0..333 HRS: 


MACH FUEL ETAP 


EFAS MACH DIV RATE PROP 
a 
7 
6 
3 
5 


HON 
ARO 
Hino 
orn 


HWW) 
oa 


RESERVE FUEL RE 
FUEL RE 


MISSION FUEL RE 
TOTAL 


76 


0°02 ‘S88% 80S° 88Z° 8‘OLT 096°0 E O28 .:480 0009 <jLGPPEC) GLI PE 7600 
O04 ees G4OSmc lS 6ec 96 Pht T09G 0 LeOG¢elan cet SOOOG)) Serres Sot ue ic 0600 
OuOC ee GStomolGuwaac £92) 1609610 GBesOcel west MOO0re  Sirrve wicotl sc 2 180 ‘0 
0°02 ‘O06Z2S 8IS° 682° Z°T8T 096°0 ~L ‘OZ8T “68T ‘“OOOE ‘“T9PPTE “GET LT 780 °0 
0 02 Sam7S cS ° O6¢c° 8S PSI 656 0 Bo O¢elL mOGl | O00C >. berre. OCl 1 I T80 ‘O 
0°02 “9€SS 72S° 062° F'88T 6960 Lo Ocol mio sO00l» eerie cll sa oO 810 °0 
0-02 p95 LoS *@ec° O° 26l 1660 a orst cot i” POSske 68 O60 729.9 
oad Wg a Ahad Yu) (Ly La ) qT qd1) (WN) (SuH 
a a7 3 AId HOVN SVa YO wWdood dNHL Svs LIV LHOISM adgasn ONY ANIL 
WLYHL HOV ALYd OND duns Saud Tana 
ONILVY ANIONS AUVLITIN LY O/Y WOWIXVN HLIM Ea “0002 OL= SWI te 
99IT‘°O 80L°0 OS%*T 000°0O OOO'T TL §OSeT S20 "0 horse © S10 | 
Som Oc02,0 LPP °L 00070 000 "1 ie 058 0) 0 ‘ESKe Fe 9 "0 930 
LHOIAM AHad . Yu) (Lo) La ) q‘] q‘ ) 20, ouH 
ES WA ol ALT YO wAdOO dNHL svi LIY DLHOIdM daSn ONY WALL 
LSNUYHL ALHd OND GAN Saud Tan 
1°90 0O°6S = AUNLVYAdINAL NIW/LA O°O = GNITO JO ALVY JWOILYAA 
“SYH LTO°O YO O000'O = ALAT OOO'LT = dALHd LY GNWI YO ‘’YHAOH ‘AIORNIVIL 
900 °0 TL °0 1 (90ZT 19 "0 (QESe Of ° 8S0° 
4AHad G5 (Po) — ie 4 Coa) 0,0, F£9.°0 
ALT YO WdoO dNHL Sv LIW DLHSIHYM dasn ONY WAIL 
ALGd ONT duns Saud TWN 
4°O90 O°6S = AYNLVYFINAL “ONILWY ANIONT WIGI GNNOYO LV SUH S$ZO°O YOM IXWVL 
"OO9VE 0°O 00 ‘°O EEO 'O 
0 O8E? 026 ee 00° 
La ) “Sad ) (Sq ) “TAN ) SUH 
“LIV LHOIAM qasn FONVY WALL 
"Saud TaN 
"dT ‘0026 AAONTY ‘AYOIAVYd WFONVHO 
YLwvda TONVWUNOAUAA NO 1 Seer fA 
€6-d WWYDOUd UALNdWOD AONWVWYOAUTd ¥ ONIZIS LAVYOULIV IOLS/A 
ieee Neo Omeey oh 
8 WoVd YOLOU LIIL WHONASSWd GZ - XAC S8/SZ/TIT ALVG 


77 


ZO). 0 
34.0 DEG. F 


0,96) 1672412288" .504 47 26. 
O.0 KNOTS TEMP 
TURB ENG PETF 


TEMP COE “OR 


3 $5) ¢ 


aUe! LIZ. soo408. 7 JOOO) WS6. “sZ20, 2 


CRUISE AT BEST RANGE SPEED WITH HEADWIND OF 


O709)7 


ONTHNUOUOPOMNNMMEUONNTHAUONM 
dondindindninininininnnninnnHOOoOo 
OVO) 01 01 0) 090101010101 0101010101010) 010) 


Bear 


MACH DIV RANGE PROP 


“DOU DW OTAODNADAHNMNOMr-OTAN 
MONMADMADOMAOT~NI OOO 
MANOTANMMPNNOMSOODDAHO 
OO SS SS tS SST St SS SP? Si hs) 
QA nintndindndndinnddnine4 


( 


DHNOTMMAOANMMMPANMNWOMOWTYN 
CVO PND HHH Ht ts 
LO LD UD LD LL LO LD) LD LA LO LA LA LALA LA LN LO LL) 


MACH SPEC 


aon nOrr-fr-Orrododowdoono tw 
MIE EHOWMWMOMWOMWOUWOWOUORnWOUWOMWYM 
C7 07. 079 07.07) 079. 09:09: 079079 079 09 09 079 09 0 09 09 OI OY 


DDDAAMAAAOMHAOOOANAMNAN 
NUN HOMO HO dH tH AON 
Sse oe et OOO 
NANNANNANNANAANNNANAANAANAAAN 


ADOMANHDOWOAHNOOPFIAMTeOr- 
OPP HOMNANNANNANN AAA ANAOOOO 
Se Oe ee ENS 
As 


COSDDSCODSCCOCSCSCOOCCCOO 


EAS 


Ay AY AYA AAA AYA, A, AY AYA, AYA AA, AYA, 


THANMNADOUONTNAOLDOOWDOIO) 
MMmWOUWOUOMNMNNNMNWM FPHAPHPAMAN 
BO OOO) OOO OCI 
SaaS Sea Sele ia ee 


346. P 


JODO OAKRKRROKRKRODDDAAMNMAD 
PMHEHWMNMMMNMNMNMNMNNAMNMYAMMAMNAN 
NANANANAANNAAANAANNAAS 


IODOODDDDODODOGGOOGDCOCO 
DODDOOSOSGOSGGGGGGGGGG 
CCCP C(-C- 


PRES 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 


USED aces ae 
34408 460 


ODNON PNM AYN PHOODANYMOA 
MAUD ONONOUORMEMANTAOTHA® 
OMMOUOMNAUINANNOWNOWN Nr 
PMOMMOANNAARAOOOAAMMOMDOAOA 
AMOI MIMI MII AIO IO CY NAN AAACN 


“NHANOANNWOMNMAMNOUWUHTNOMMr 
NMNANAMAMTAHTHAMONWOOTHOANOr 
MANDNNANOAMOOMM-OMNrOMsHt 
AHHAANNNMMAPHHANNNWOWWO 


OOODOOOOO@OOOOoOoooeogrw 
OESHOCCCCOCOCODOOOCOO00OM 
Za NONDNONDONHONMOHMHOHMHONOO 
~w— AHANNMMAPHNNOWONNEDOMNO 


AA“ NOON HOMADODOORARANANNRAAHOW) 
MWININOHNOANMPAHNODHAORANMHNHNWOW 
a] a ag an Mee SS SSC 
re e e s e es 6 e e. e e & e e s s e e e e e 
HW ODDO OnnnRNRHNNNNMYMMMNMN® 


FUEL 


( 


ao 


SPEED 


920.00 N.MI. AT MAX. 


ED. ka 


Oy 


DESCEND TO H 


eee 
fy I HHH HHH 
Qi 
—~O 


THe 


CO s# SHI WO 
QNEDONHMMMNM 
N\A © 00 00 00 00 00 GD CO 

lNaAndndnndene 

See 
rimmaMsAnie 
WMOMOWWMOMOWWMW 
LOLA LOA LOLA LOLOL 


MACH 


mK 
> 
kr 
-Q e e e e e es e e 
TH ONSRONMNO 
YO MNRAOMOOOr 
= SHHEHIMMMM 


COO00000 
COCOCOCCO 
NNNNMMNMW 
ANANNANN 


TY AANNIOW 
BMONMDAOMmOUN 
maddie 
fx] 


COO00C000 


EAS 


HR ete eS 


@lelelele cele 
ay heehee 
MNANNNANANNANA 
HOA ddindinddnin 


LTURBGENG PRE 
BME SCODE FoR 


— e 6 e es e e e e 
QHOMAWNAMSHO 
KT MMMOWUONIWY 
HMNNNANAANANAA 


~SOS00000 
HHOQOOQ00 
iOOO0006 
TG A~ON FON 
H 


TANOMNM AMW 
OMOront*mNnnAoO 
MH dododiidnondene 
f~_Mononamaancd 
= ANNANANANANAN 


JQ—~ddmMransdt 
IOAN HINOMO 
SISA AHHH SHS 


MHD OX OO OO WW 0. 


LOTM™NOOHHO 
OSIMNDOMNKO 
ZZOOOnNNANN 
MG ~0Y01 0101010010) 


AW MOAOOOOMm 
MNOHnORRANMS?H 
= COONAN AHOO 
= 


HLMMMMMNMAMN 


= 59.0 DEG. F 


O. OOO. FOR» O01) Bak 
TEMPERATURE 


1.000 LETE = 


0.0 FT/MIN 


OR LAND AT PETE 


f, RATE OF CLIMB 


TAKEOFF, HOVER 


VERTICA 


THRUST 
LETE LO FM ci 
WEIGHT 


PEHE 


TURB SENG SE cna 


PRES 
TAS TEMP CODE OR 
(EFT) (KT) (R). 


(LB) 


FUEL 
RNG USED WEIGHT ALT 


(NM) (LB) 


TIME 
(HRS) 


MLK KKK KKK KK KKK KKK KKK KKK KEE KK KKK KKK KKK KKK KKK KER ERK KKKK KKK S 
ASWO MASSHOONS AO CNY 


MME KK RRM MMR MMMM MERKLE MMMM RRM MMMM MRK KRENEK NS 


89°6669 = GHYINOAY INA IWLOL 
9T ‘90% = GHYINOAY TAnd FTAVASTY 
ZS ‘°€6S9 = GHYINONY TNA NOISSIN 
GCon eine GLY (9GCC Go cOn Oc Wemda LSCL “LPL “O00... “00972 ‘0002 20 O2G T2S77 
Scot ClCctmm OLY §6cc  Cieel 6Oc O od «£SZL SVL “0002 “OPS/Z. 0969 0 026 Se2 7 
GS8° “°“9TZ~T 9Lb° 622° Z°E€ET SOZ'°O d “8S2ZT “SPI °“O00L ‘7Z9LLZ °8E89 0°O0Z6 SBI Fh 
998° ‘O¢@2@~t LL" TEZ* TVET 902°0 d ‘6S2T “60T “OOOL ‘P88LZ “9TLI 0°0Z6 880% 
S65 eGo? | LOC MiePel oc. d ogat SuT 0004 "99082 yes 0 (028 996 'f 
(YH-d7 ) 4AHaAd Yu) (La La qT qT (IN SUy 
doud ALYY AIG HOWN SWH YO Add dNYL sv LIV DLHSOISM aasn ONY AWIL 
dvLa INA HOV AILAad ONY Guns Squd TaN 
1°O9Ud O'VE =FUNLVUAIWNaAL JHNdA HAMHSSY YOA “SUH ECLE'O UOA UALIOT 
TOOOe "90082 S°€6S9 00 °0Z6 886 °E€ 
0 "99082 S°€6S 00 °026 | 86 ° 
(La ) Sa, Sq] "I “N) SUH 
“LIV LHOIAM qasn FONVY ANIL 
“Sddd TNA 
SOOO. OL AGNLILIVY UWASNVUL 
9888 48:3 £ “80et 8 ‘SOQ8E “2588 8 028 B88 
4JHad 735 (Ps) 7 Vang aa3 0.056 een 5 
ILA YO wdodD dNHL svi LIV DLHSISM daSN ONY qANIL 
ALGd OND @yne Squd TaANA 
4°99d 0°6S$ = AUNLVYAINAL ‘ONILVY ANIONA AICI GNNOUWD LY SYH $ZO‘°O YO IXVL 
99TT‘°O 80L°0O P8L°T 000°0 OO00'T he .OGeiL a0 0 "O€OBZ *69S9 0°O0Z6 E96'E 
99TT‘°O 80L°0 O8L°T 000°0 OO00'T L ‘OS8t ‘oO @ ‘QOT8Z “bP6b9 0'02Z6 LEG'E 


72 


C 


N se) 


OO FNNOOMDANVOOO 


OOOO Rta 


qOVd 


3 
° 
O 


e 6 e e s— OUOMAD 
DOAMNWOWO NM . 
i 


oo 
Tre 


ONO 
ON rt 


ra 


cord 


LM SYD/LSNYHL LAIT 
SUNIONY LAIIT JOON 
WHUW “Id LW1d dag 
Tan AO LHOIYM 
ALANY LHOSIGM UYdO 
WHUY TIVE “LYgA 
HLGIM HOWINSNA 
OILWY WaAdVL 

dHaMS AYOHD F/T 
OILVY LOYdSV 


NWdS 


ONIGVOT ONIM 


Vauv ONIM 


A 


ted 


‘ON NOT LVYSLI 


ua 


YOLOY LIILG YHONYSSVd SZ 


VY 
WYYOOdd AALNdWNOO AONYV 


WW 


WHOdURd Y ONIZIS LAVYOUIW IOLS/A 
al (OO Ss. Wk 


ll 


gl 


= 


© 


e ® 0?’ ° ° ° ° 
ONOMOMMNDDONMAO 
OADODO 
Neri 


mM OONO 


oo. 
O FAN NN .NNOMST 
Cor ESN 
m Oo. 
a © 


O 


LSNAYHL “ONG LAI] 


HT HHOO 


r| 


3S 


NVA 


WAY GHYLLYAM IVLOL 
LHDSIGM AVYOTAVd 
LHOIGM ALN 
WHY IIVL “ZIYOH 
HLONAT FOVTESNSA 
“SSVd LSIYNOL 
"$SVd SSWID LST 
M/dHd YO M/L ‘WIYd 
UMd ‘YO YHL AUVNIYNd 
SHNIONS AUVWIYd “ON 
LHSIGM SSOUD 


XALC 


G8/SGZ/IL aALvd 


RO 


‘6€ =GAWNIL AOVOTA “OOOL =THNd LOL “900 =THNA AYSHY °PV6S9 =IHNA “NSW WN°OZ@6 =ONUY 


0°0 Lave G°T cae 
0°O Z SL Ot CN1/d4d0L 
SOL vy €8 Le INOS 
SSE ‘°O= “ON HOVN S$°668 O0°O000L L°8TZ9 CLEC ASTNYO 
O°? 6°26 e°T WITO 
0°O CSL O°T ONT/ J40L 
ome Lae er IXWL 
‘L6 =GWIL MOOTA “LESP =INNA LOL ‘94S =IHNA-AUSUY “T96E =IHNA NSW WN ‘OOP =ONY 
0°O A G°T IXVL 
O50.) CaS. On ON1/ 4401 
G°9 LDPE ST INSOSdd 
66€°O= ‘ON HOWN E°T6E O°OO00E s°2ZlL9E 8°68 ASINYO 
ZS SSG 8 °O WIID 
0°O SSL Onn GN1/ J401 
0°0O Laue ST IXWL 
( IWIN ) (La ) (sd7 ) (NIW ) 
LSId eae Tana AW IL 
“OqS “Oss ‘OaS 


8} 


V. DESCRIPTION OF EXPERIMENTS 


A. EXPERIMENT 1 -—- MAXIMUM RANGE 

In this experiment, the 25-passenaer Model 107 and the 
25-passenger tilt rotor were used to examine aircraft 
performance for a single-lea mission. The aircraft were 
programmed to carry identical payloads of 5000 pounds (which 
represented a load of twenty-five 200 pound passengers, 
including baggage) and to fly identical mission profiles at 
an altitude of 5000 feet mean sea level (MSL). The standard 
flight profile used for any given “mission" followed a 
sequence which included: 
Taxi 
Hover /Takeoff 
Climb 
Cruise 
Descent 


Landing/Hover 
Taxl 


+ + + + & H 


The objective was to determine the mission range, within 
the maximum range capabilitv of the CH-46F, where the 
performance of the tilt rotor surpassed the performance of 


the tandem rotor helicopter. 


Bs EXPERIMENT 2 - LOITER ENDURANCE 
The second experiment involved comparisons between the 
performance capabilities of a 25-passenger tilt rotor 


aircraft and the 25-passenger CH-46F for missions reauiring 


82 


the aircraft to traverse a specified range (mission radius) 
and conduct a loiter mission for the maximum time permissible 
while maintaining sufficient fuel to return the same distance 
as the outbound leg (plus reserves). Payloads carried by the 
aircraft were 3500 pounds and the cruise segments were flown 
at an altitude of 5000 feet MSL. Each “mission" consisted of 
the following segment sequence: 


Taxi 
Hover/Takeoff 
Climb 

Cruise 

Loiter 

Cruise 
Descent 
Landing/Hover 
Taxi 


+ + + FF OF OF OF 


The objective was to compare the capabilities of each 


type aircraft at given mission radius values. 


C. EXPERIMENT 3 - HOVER ENDURANCE 

This experiment is an extension of experiment #2 in that 
payload, altitude parameters, and aircraft types remained 
unchanged. Flight profiles were similar except that the 
loiter segment was replaced with a descent-hover-climb series 
of segments. From a performance standpoint, the difference 
lies in the fact that the hover flight mode is a more 
demanding flight mode in terms of fuel (and power) required. 

The objective in conducting this experiment was to 
analyze the differences in aircraft capabilities for given 


values of mission radius. 


as 


D. EXPERIMENT 4 -— ONE TILT ROTOR VS. TWO HERICOPTERS 


In the fourth and final experiment, the capability of one - 


44-passenger tilt rotor was compared to the capability of two 
25-passenger Boeing CH-46F helicopters. 

In this mission scenario, the two tandem rotor aircraft, 
with no payload onboard, simultaneously depart froma site 
designated "Helipad A". Each helicopter flies a distance 
equal to one-half of its maximum range capability (103 NM), 
receives a payload increase of 4400 pounds fto simulate the 
boardina of 22 passenaers, each weiqht a total of 200 pounds 
with baggage), and returns to the original departure site. 
One helicopter flies to "Helipad R" while the other travels 
to "Helipad Cc". Helipads B and C are separated hy a duster 
aeeneaaees TEA eC. 

Starting from Helipad A with no pavload, the 44-passenaer 
tilt rotor departs at the same time as the two hejicopters, 
flies to Helipad B, picks up a 4400 pound payload, then flies 
to Helipad C and picks up an additional 4400 pounds. The 
tilt rotor complets its mission by returning to Helipad A. 
The standard fliaht profile used for this experiment was the 
same as that used for experiment #}. 

The objective for this experiment was to fine the values 
for Leq BC where the tilt rotor could transport the payloads 
over further distances more efficiently than the two 


helicopters. 


R4 


Vat SOUS 


A. EXPERIMENT #1 

1. Fig 1, Pg 86 - Fuel Required vs Range 

In addition to the obvious advantage of the extended 

range capability (on a single fuel load) that the tilt rotor 
maintains over the tandem rotor helicopter, the graph on 
page 86 shows that for ranges of approximately 150 NM and 
beyond, the tilt rotor requires less fuel than the helicopter 
to complete the mission. It is noted that to traverse the 
Mee ance covered by’ the tilt rotor in ane fuel load the 
CH-46F would have to refuel three times. 

2. Fig 2, Pg:-87 - Time Required vs Range 

‘ For the data presented, within the single fuel load 
range of the tandem Petoearcliconter, it can be seen that for 
any given range beyond approximately 75 NM the helicopter 
requires at least twice as much time to travel the same 
distance as the tilt rotor. Refueling time would further 
compound this disadvantage for the helicopter. 

3. Fig 3, Pg 88 - Passenager-Mile per Lb of Fuel vs Range 

This graph shows that at a range of just under 150 NM 

the tilt rotor will perform more efficiently hy heing able to 
complete more passenger miles per pound of expended fuel than 


the CH-46F. 
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B. EXPERIMENT #2 
1. Fig 4 Pg 90 - Loiter Time vs Mission Radius 
The tilt rotor clearly holds a significant loiter 
endurance advantage over the tandem rotor helicopter. At the 
maximum mission radius for the CH-46F, which allows no loiter 
time, the tilt rotor can travel the same distance and still 
conduct a three hour (plus) loiter mission. 
2. Fig 5, Pg 91 - Fuel Required vs Loiter Time 
The graph reveals the tilt rotor’s disadvantage of 
requiring roughly 50% more fien chen the helicopter for the 


same amount of loiter time. 


C. EXPERIMENT #3 
1. Fig 6, Pa 92. - Hover Time vs Mission Radius 
Compared to the loiter mission, the tilt rotor does 
not maintain as large a margin of superiority for the hover 
mission. At the maximum mission radius for the CH-46F, (no 
hover time Gapaotlityj)= the t21lt rotor has sufficient 
remaining fuel for a little over one hour of hover time. 


2. Fia 7, Pg 93 - Fuel Required vs Hover Time 





The hoverina efficiency of rotary wing aircraft jis 
made apparent by this araph which shows that the tilt rotor, 
for a given hover time requires roughly 2.7 times more fuel] 


than the tandem rotor helicopter. 
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De EXPERIMENGD #4 
1. Fig 8, Pg 95 - Fuel Required vs Range 
This graph shows that one 44-passenger tilt rotor can 
do the job of two 25-passenger helicopters foperatinag at &8% 
seating capacity) using less’ fuel even when travelling to 
sites that are separated hy distances of up to 250 NM. It is 
evident that even if the helicopters were operating at full 
capacity, the tilt rotor’s advantage would not decrease 
substantially. 
2. Fiq 9, Pa 96 - Time Reaquired vs Range 
The 44-passenger tilt rotor, when travelling to 
locations separated by distances of up to nearly 300 NM, 
performs better than two CH-46F helicopters that are flying a 
103 NM radius to ne same locations. 
3. Fig 10, Pg 97 - Passenger-Mile per Lb of Fuel vs Rng 
This final graph shows that uSing one 44-passenaer 
tilt rotor travelling to two landing sites separated hy 150 
NM or more is more efficient than using two tandem rotor 


CH-46F helicopters to cover the same two landing sites. — 
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VII. DISCUSSION AND CONCLUSIONS 


A. EXPERIMENTS 

The experimental results substantiate that the V-22, 
designated to replace the CH-46F among other aircraft, will 
offer significant improvements in speed, loiter endurance, 
hover endurance, performance, = and efficiency. The results 
lend further credence: to the manufacturer’s claims that 
tilt rotor aircraft can transport more passenaers/pavload 
over longer distances in less time than conventional 
helicopters while retaining the important advantaqe of 
vertical takeoff and landing. It is acknowledged that the 
tilt rotor can readily perform transport missions using less 
fuel than helicopters but if a large percentage of hovering 
flight is required, conventional rotary wing aircraft are far 
more efficient from a fuel consumption standpoint. However, 
they do not have the staying power that the tilt rotor 


demonstrates. 


B. TILT ROTOR ADVANTAGES TO THE MILITARY 

The speed and efficiency of the V-22 will allow areater 
stand-off ranaqes for naval assault fleets; permit more rapid 
buildup of assault forces at objectives while retaining the 
ability to operate from small ships and/or to maintain an 


independence from runways. 


ae 


C. TILT ROTOR ADVANTAGES TO THE CIVILIAN AVIATION COMMUNITY 

The high productivity of the tilt rotor will provide much 
needed relief in air traffic congestion at major airports hy 
providing a vehicle that has twice the speed of conventional 
helicopters without sacrificing the ability to transport 
passengers on a city-center to city-center basis. This will, 
effectively, reduce the requirement to increase the number of 
available commuter jets and turboprops as transportation 


demands increase. 


D. COMPUTER PROGRAMS 

Both ‘VASCOMP II and HESCOMP were found to he relatively 
straightforward in their application. Fach program has an 
enviable range of versatility and flexibility. The most 
difficult factor in working with the programs is, without a 
goubt, obtaining the input data. Without the cooperation of 
an agency such as NASA Ames’ Research Center it would he 


extremely difficult to compile a complete data set for anv 


Given aircraft. Aircraft manufacturers are a potential 
source for data. The aircraft for which it is easiest to 
obtain data are those produced for the military. As part of 


the procurement process, manufacturers are required to submit 
a MIL-STD Form 1374 entitled GROUP WEIGHT STATEMENT which 
provides detailed weight data as well as dimensional and 
structural data. This document 1S aqenerally available for 


Official uses. 


ag 


Concerning the accuracy of the programs in the faithful 
representation of the aircraft described by the input data, 
it is felt that the trends routines built into the proegramede 
an adequate job of approximating the vehicle and the 
flex Dil yey For the program more than adequately allows for 
adjusting the output to obtain results which match actual 


flight test data. 
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APPENDIX 


VASCOMP USER’S MANUAL 


This User’s Manual was completed in conjunction with 


research. It was prepared using the guidelines that 


the manual should: 


ilies 


Provide helpful information for those individuals 
interested in using VASCOMP II at the Naval 
Postgraduate School (NPS), Monterey, California. 
Provide information in such a way that a user could run 
VASCOMP II without relying on material elsewhere in 
this thesis. 


Simplify, to a large extent, the material presented in 
the Boeing VERTOL Company VASCOMP II User’s Manual. 


Include examples of: 


a. Required Job Control Language (JCL) statements for 
using VASCOMP II on the IBM 3033 computer at NPS. 


b. Sample data for a v/STOL emrerakt.. 


c. Sample output for a V/STOL aircraft. 


LOW 


I. INTRODUCTION 


A. PURPOSE 

This manual was designed to provide the user with a 
simplified version of the Boeing VERTOL Company’s VASCOMP II 
User’s Manual. A copy of the Boeing VERTOL user’s manual is 
catalogued and available at the Dudley Knox Library at NPS. 
Also included in this manual are examples of: 


1. Required Job Control Lanugage (JCL) statements for 
using VASCOMP II on the IBM 3033 computer at NPS. 


2. Sample data for a V/STOL aircraft. 


3. Sample output for a V/STOL aircraft. 


B. APPLICABILITY 

VASCOMP II, the V/STOL Aircraft Sizing and Performance 
Computer Program, 1S a viable computer program for predicting 
size and performance data for V/STOL aircraft. It can be 
used for any aircraft which employs fixed wing lift during 


primary cruise flight. 


Gz PROGRAM OPERATION AT NPS 

Due to the large size of VASCOMP II, (in excess of 16,000 
lines of FORTRAN code), production runs at NPS should he 
accomplished using the batch operating system on the IBM 3033 
Network referred to as MVS (Multiple Virtual System). 


Chapter II of this manual provides an explanation and an 
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example of the Job Control Language statements required for 
running VASCOMP II on the batch system. Chapter II also 


describes the procedure for running the program on VM/CMS. 


D. PROGRAM DATA 

Production runs of VASCOMP II require a significant 
quantity of data. Chapter III provides information on the 
format of the data file and a list/description of the data 


locations. 


E. V/STOL AIRCRAFT EXAMPLE 
Chapter IV consists of output generated by running the 


program with the data shown in Chapter III. 
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II. PROGRAM OPERATION AT NPS 


A. The VASCOMP II program can be run at NPS by onevG@taaas 
means. The user is highly encouraged to utilize the MVS 
batch system due to the excessive size of the program. This 
is primarily for the user’s convenience since, in order to 
run the program using VM/CMS, the program would have to be 
filed oon an A-disk and would require 37% of the normal eight 
cylinder allocation for storage alone. Using only eight 
cylinders, it is not possible to compile the program. If it 
is necessary to use VM to run the program, the user can 
request allocation of a B-disk or, as an alternative, it is 
possible to create a temporary disk of variable size any time 
the user logs onto VM/CMS. NOTE: Files on a temporary disk 
are truly temporary. FILES ARE LOST IF THE USER LOGS GFR 
IF THE SYSTEM GOES DOWN UNEXPECTANTLY. A user can create wa 
temporary disk using the following steps: 
1. Create an EXEC File 
In ‘CMS, €ype:" XEDIT TEisk. exe 
2. Temporary Disk EXEC File Commands 
Type the following lines into the file: 

& TRACE 

CP DEFINE 133507200 7Cyiiez4 

& STACK YES 

& STACK TDISK 


FORMAT 200 C 
ACCESoo1 2 ils 
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3. Create a Second EXEC File 
In CMS type: XEDIT MODES EXEC 
4. Modes EXEC File Commands 
Type the following lines into the file: 
RECESS Z00 A 
5. Activate the EXEC Files 


In CMS type: TDISK. Wait for the "R;" response then 
type: MODES. 


6. File Alignment 
The user now has a 24 cylinder “temporary"™ A-disk and 
an 8 cylinder B-disk. All default files will ao to the 
temporary A-disk. Move files for permanent storage on the 
191 disk by typing the following command next to the file in 


mimstT: COPY / = = B 


B. PROGRAM OPERATION USING VM/CMS 


Use VS FORTRAN if the program is to be run on VM. 


CC. PROGRAM OPERATION USING VMS BATCH 

The preferred mode of operation is to the MVS batch. To 
run VASCOMP II on MVS batch at the Naval Postgraduate School, 
the user must access the "AERO DISK" and locate the file 
entitled: VASCOMP FORTRAN Al. Browse the file for further 


information on program operation. 


D. JOB CONTROL LANGUAGE (JCL) STATEMENTS FOR DATA FILE 
When the user has compile the necessary data to run the 


program, create a FORTRAN file by following the steps below. 


LOS 


1. Create the File 
In CMS type: XEDIT (filename) FORTRAN 
2. Job, Main, Procedure, and DD Statements 
Place the following Job Control Language (JCL) 
Statements at the top of the file: 
//jobname JOB (nnnn,9999), “ident” ,CLASS=C 
//*MAIN ORG=NPGVM1.nnnnP 
//GO EXEC PGM=VASII 
//STEPLIB DD DSN=MSS.Fxxxx.VASCOMP, DISP=SHR 
Ta DD DSN=SYS1]1.pp.VFORTLIB, DISP=SHR 
//FTO6FOOL DD SYSOUT=A 
//FTO7FOO1L DD SYSOUT=A, DCB=(RECFM=FBA, LRECL=133, 
ia BLKSIZE=1 300) 
// ETOSE OO! Yb l= 


where, 


* The jobname may contain eight alphanumeric characters. 
The first character must be alphabetic. 


nmnnn 1s the user number assigned by the computer center. 
ident may contain twenty characters (including blanks). 

* Correct spelling and spacing on the JOB and MAIN 
statement Ciimse and second line, respectively) 
MSs Era tea lL, 

* To send the program output to the remote printer in 
Halligan Hall, modify the MAIN statement by replacing 
NPGVM1.nnnnP with NPGVM1.HAL 

3. _ Program Pata 
The data for the program is placed immediately 
after the last JCL statement (see example below). 
4. Delimiter and Null Statements 


Place the following JCL statements immediately 


after the last line of the program data: 


/* 
ey, 


106 


The delimiter (/*) statement is an end of file statement for 
marking the end of a data set. The null (//) statement is 
used to mark the end of the job. Without the null statement 
the user may find that the program will not run with any 


degree of consistency. 


B. DATA FILE EXAMPLE 

A complete data file, including proper JCL statements, 
for a program calibration run uSing an 8-passenger tilt rotor 
aircraft is included in Chapter III of this manual. The 
following iS an example of the proper placement of the JCL 
statements. 
//VASWALO1L JOB (1053,9999),”°TOM WALSH SMC 2986’,CLASS=C 
//*MAIN ORG=NPGVM1.1053P 
//GO EXEC PGM=VASII 
//STEPLIB DD DSN=MSS.Fxxxx.VASCOMP, DISP=SHR 


DD DSN=SYS1.PP.VFORTLIB, DISP=SHR 
//FTO6FOO] DD SYSOUT=A 


™~ 
=~ 


//FTO7FOOl DD SYSOUT=A, DCB=(RECFM=FBA, LRECL=133, 
yy BLKSIZE=1 300) 
//FTO5FOOl1 DD * 
(data) 
/* 
Ve 
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III. DATA LOCATIONS AND DESCRIPTIONS 


A. INFORMATION SOURCE ACKNOWLEDGEMENT 

It should be noted that a significant portion of the 
information in this chapter is either paraphrased or taken 
directly from the Boeing VERTOL Company VASCOMP II Users’s 
Manual. In particular, most of the variable descripuigs 


information is taken from Chapter 5 of the Boeing Manual. 


B. ORGANIZATION OF DATA 

For efficiency and program logic, each data value is 
identified by a four-digit integer. For convenience, the 
data is read in using rows of up to five (5) data values. 
The format of the FORTRAN "READ" statement is: 

FORMAT ( 149ex, Jl, 5(hl4. 79) 

When preparing the data file, spacing must match the above 
format precisely. Failure to accomplish this will result in 
erroneous data values. The correct sequencing of values for 


any given line of data is: 


COLUMNS VARIABLE TYPE DATA DESCRIPTION 
Ol - 04 INTEGER First value identification 

5 N/A Blank 

6 INTEGER Number of values in row 

7 N/A Blank 
O08 - 21 Rete Value identified in COL 1 - 4 
22 - 35 REA L Value in COL 1 - 4 plus one 
36 - 49 REAL Value in COL 1 - 4 plus two 
50 = 563 RE Ase Value in COL 1 - 4 plus three 
64 - 77 REAL Value in COL 1 - 4 plus: four 
77 - 80 N/A Blank 
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123456789012345678901 2345678901 23456789012345678901 2345678901 
EXAMPLE: 

O22 744. 0.123 DoD See Om 

In this example, the data line contains four data values (the 
numbers at the top of the page are for the convenience of the 
manual user to verify the column locations of the data). The 
first data value, number 0227, is 0.123. The second data 
value, number 0228, is 72.92. The third value, number 0229, 


is 3.0. The fourth data value, number 0230, is 0.25. 


C. COMMENT, END-OF-CASE-STUDY, AND EXIT LINES 
1. Two types of comment lines can he included in the 
program data. 

a. The first type of comment 1S one which the user 
desires to have repeated at the Be of each page of proaram 
output. To |, accomplrshmehiis;,, place a -/° in column 1 thru 8 
on the first line immediately following the JCL statements, 
On the next line, columns 1 thru 6 must be left hlank. 
Columns 7 thru 80 are then used for any comment (such as type 
of aircraft being studied, etc.) to be repeated at the top of 
each and every page of program output. 

bh. The second type of comment 1s one which the user 
desires for separating groups of data. This type of comment 
card 1S optional. It is accomplished in the same manner as 
the first type (by placing a "7" in columns 1 thru 8, etc.) 


but the comment information will be printed in the output 
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only once. Examples of both types of comment lines are 
included in the sample data file at the end of this chapter. 

c. If the user desires to analyze more than one type 
of aircraft using only one data file, the data groups can he 
separated by placing an "8" in columns 1 thru 8. A "7" Cake 
and a repeating comment line should immediately follow the 
VB weak diz 

dad. To properly exit the program, the last data line 


must contain a "9" in columns 1 thru &. 


Ba DATA CATEGORIES 

The Boeing VERTOL Company VASCOMP II User’s Manual 
includes a total of twenty-four different data input sheets. 
Data can be loosely grouped into six categories: 


. Aircraft General Information 

. Aircraft Dimensional Information 
. Mission Profile Information 
Engine Cycle Information 

- Propeller Data 

Supplementary Information 


NM BW N Re 


The following paragraphs describe the purpose of each data 


location 


E. AIRCRAFT GENERAL INFORMATION 
LOCATION DATA DESCRIPTION (FORTRAN NAME) 


0001 Option Indicator (OPTIND) 


O Program calculates aircraft aross weight, 


dimensions, and power required. 


bd 
Hl 


Program calculates aircraft qross weight, 
dimensions, and power required to complete 
a user specified mission flight profile. 


PLC 


For a combination 


the aircraft and 


Input gross weight and mission profile. 
Aircraft size remains fixed and program 
calculates time history performance data 
and fuel required to complete the mission. 


Input operating-weight-empty and mission 
PEOfile: Aircraft size remains fixed and 
program calculates takeoff aross weight 
and fuel required to complete the mission. 
of options 1 and 2, input data to describe 


mission flight profile at the top of the 


data file. This data should then be immediately followed by 


the additional missions for off-design-point performance 


calculations. 


0002 Print Indicator (TNIRPK) 


Oo. 


Mission performance data output for the 
following flight segments will consist of: 


All - time, range, fuel used, aircraft 
weight, press. alt., true airspeed, eng. 
turbine temp., eng. code specifying ena. 
performance, and the primary eng. thrust 
or horsepower fraction (PETF or PEHF). 


Takeoff, Hover, and Landing - Thrust to 
weight ratio, propeller power coeff., 
propeller thrust coeff., prop tip speed. 


Taxi/Takeoff, Hover/Landing - Lift eng. 
thrust fraction (LETF). 


Climb/Cruise/Descent/Loiter - Mach no., 
equivalent airspeed. 


Climb, Cruise, and Descent - Mach number 
for drag divergence. 


Climb and Descent - Flight path angle, 
and fuselage attitude angle. 


Climh - Rate of climb. 


Cruise - Specific ranae. 


toler 


0003 


0004 


0005 


Descent - Rate of sink. 
Loiter - Time rate of fuel consumption. 


Takeoff, Hover, Landing, Cruise, and 
Loiter - Propeller efficiency. 


1 = All data output for TNIRPK = O is printed. 
The -following information is also printed: 


Climb/Cruise/Descent/Loiter - Fuel flow 


rate, lift, draq, horsepower, thrust, 
lagi coeff., draq coeff., propeller 
power coefficient, prop advance ratio, 


propeller thrust coefficient, propeller 
tip speed, and propeller efficiency. 


2 = Delete mission performance data output. 
Drag Indicator (DRGIND) 


O = Program calculates draq rise due to 
compressibility effects. 


1 =.If dragq rise characteristics of the wages 
are known, a 3-D table of compressibility 


drag coeff. can be input as a function of 


Mach number and lift coefficients. 
2 = Used for supercritical drag divergence. 


Oswald’s Efficiency Factor Indicator (OSWIND) 


O = The user inputs a fixed value for Oswald’s 
(spanwise loadina) efficiency factor. 
1 = Program calculates Oswald’s efficiency 


factor as a function of wing aspect ratio. 


Propeller Dimension Indicator {PPDMIND) 


1 = Input dia. and activitv factor per hlade. 

2 = Input disc loading and activity factor per 
blade. 

3 = Input diameter and thrust coefficient to 


solidity ratio. 


4 = Input propeller disc loading and thrust 
coefficient to solidity ratio. 


Nk 


Se —<« 


0006 


0007 


Fuselage Dimension Indicator (FDMIND) 


0 


iL 


Input fuselage length and wetted area. 


Input cabin length (constant diameter), 
nose and tail fineness ratios. Proaram 
calculates acft lenath and wetted area. 


Input desired capacity, seat width and 
pitch, mumber and width of aisles, number 
of seats abreast for tourist and first 
class, galley and lavatory size. Proaram 
calculates fuselage size. 


Wing Dimension Indicator (WDMIND) 


0 


j 


3 


kKkkkkkkekk DO NOT 


0008 


0009 


Input wing loadina and aspect ratio 


Input chord to diameter ratio and Cisc 
loading. The size trends subroutine then 
calculates the wing loadina. 


Input wing loading and disc loadina. The 
size trends subroutine then calculates the 
chord to diameter ratio and aspect ratio. 


X-Wino configuration 


SET WDMIND = 1 or 2. IF ENGIND = 1] *******## 


Horizontal Tail Indicator (HTIND) 


0 


bi 


Program computes H-tail volume coefficient 


Input horiz. tail volume coeff. and moment 
arm. Horiz. tail sfc is then calculated 
by the size trends subroutine. 


Input the horizontal] tail area as a fixed 
size surface. 


Vertical Tail Indicator (VTIND) 


0 


iH 


Program computes vert. tail volume coeff. 

Input vert. tail volume coeff. and moment 
arm. The size trends subroutine’ then 
calculates the vertical tail surface area. 
Input the vertical tail area as a fixed 


size surface. 


V3 


0010 


OOLT 


OONZ 


0013 


0014 


0025 


0016 


OO17 


Engine Size Indicator (FIXIND) 


O = Input level of maximum power or thrust. 
Engine size is fixed. 


1 = The engine size is "rubberized" and the 
engine sizinaq subroutine calculates the 
level of maximum power or thrust. 


Engine Indicator (ENGIND) 


O = Turboshaft engine cycle. 
1 = Turbofan or turbojet engine cycle. 
2 = Turbofan engine cycle. Program simulates 


operation of a convertible enaine cycle. 
Engine Sizing Indicator (ESZIND) 


O 


Engines sized for takeoff conditions only. 


I 


Engines sized for takeoff or cruise 
conditions whichever requires more power. 


(No input if LETEND =90 one 
Lift Engine Indicator (LFTIND) 


O 


No separate lift propulsion enqine 


uh Propulsion sys. includes a primary engine 


cycle (cruise) and a lift enaine cvcle. 
Gross Weight Initial Condition (wGO00) 

rFLBS | 
Pressure Altitude Initial Condition (HOO) 


TFEET]; (normally zero except for partial 
mission analysis). 


Range Initial Condition fROO) 


[NAUTICAL MILES]; (normally zero except 
for partial mission analysis). 


Time Initial Condition (STOO) 


[HOURS]; (normally zero). 
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0018 


CO? 


0020 


GG21 


0022 


0023 


0024 


0025 
0026 
0027 


fee) 
0076 


pt pw 
Mm © 


Ce 


Optimum Altitude Indicator (HOPTIN) 

O = Input max alt. for each cruise segment. 

1 = Input max alt. Program calculates optimum 
cruise altitude for seqments preceded by a 
climb or transfer altitude. 

Flight Speed Limit Indicator (VLMIND) 


O = No constraints on equivalent airspeed 


i 


“Max of 250 knots for flight altitudes at 
or below 10,000 feet as per FAA reas. 


Maximum Operating Mach Number (FMMO) 

Maximum Operating Equivalent Airspeed (VMO) 

Design Dive Speed (VDIV) 

Maneuver Load Factor: (EMLF) 
[G’S]; As prescribed by Fed Avn Rea 31. 

Fuel Reqg’d Multiplicative Reserve Factor (CK1l) 
Any fraction greater than 1.0 represents 
the percent of reserve fuel (e.a. 1.1 
represents a 10% fuel reserve). 

Reserve Fuel Factor (DELWF) 


Fue] Flow Multiplicative Prag Factor (CKFF) 


Mission Profile Information (SGTIND) 


O = End of mission 
1 = Taxi 
2 = Takeoff, hover, and landing 
o- = Cl imp 
4 = Cruise 
5 = Descent 
6 = Loiter 
7 = Change of fuel weight 
8 = Change of payload weiaht 
9 = Transfer altitude 
= X-Y plotter output 
= General performance 
= End of case 


tele 


Mission profiles are programmed using combinations of 
the following elements: 


1. Segment - A unique portion of the mission such as 
cruise or climb. A segment Starts with a set of 
initial conditions and ends when ae terminal 
condition has been satisfied. 


2. Hop - A set of segments ending at some logical 
terminal location (such as qround level at the 
desired range). Thus, a hop might consistues 
flying from point "A" to point "B" by means of 
combining the following segments: taxi, takeoff, 
climb, cruise, descent, landing, and taxi. 


3. Leg - A set of hops ending ina refueling of the 
atrerat et. 


4. Mission - A set of leas for hops or seqments) 
which satisfy specific operational reauirements. 
In this program, the mission is the basic eJement 
for which the aircraft is sized. 


5. Case - A consecutive series of missions for the 
Same aircraft. This program permits the user to 
analyze a case which consists of a mission for 
which an aircraft is sized, followed hy a 
different mission which the now sized aircraft 
performs, followed by yet additional missions. 


An array of seqment indicators is input to specify 


the mission being studied. A typical array miqht be: 


SGTIND = 

1,2,3,4,5,2,1,172,3,4%,374,5, 2a ne 3) ee 
| a | an | 
| | | | | | 
| SEGMENT | REFUELING | | 
| | 
|<--HOP #1-->|<----HOP #2---->|<----- HOP #3----- > | 
| | | 
| <----------- LEG #]----------- >| <----- LFG #2----- > | 
| | 
| <------------------- MISSION #]------------------- > | 
0077 

THRU NOT USED 

0093 


116 


0094 


0025 


0096 
0097 


0098 


0099 


0100 


LOCATION 


Orer 


O02 


Ores 


0104 


O05 


0106 


0107 


Wing Location for 3-View Drawing (SPACE1(18) ) 

O = Low 

1 = High 

Location of Engine on Fuselage (SPACE1(19) ) 
Expressed as fraction of length. 

Horiz. Tail 1/4 Chord Sweep (SPACE1 (20) ) 

Vert. Tail 1/4 Chord Sweep (SPACE1(21)) 

Aircraft 3-Views Plot Indicator (SPACE1(22) ) 
Greater than 0.0 generates 3-view plot 

NOT USED 


1.0 = NPS THESIS2 format: O.0 = 133 character 
format 


AIRCRAFT DIMENSIONAL INFORMATION 


DATA DESCRIPTION (FORTRAN NAME) - 
Wing Aspect Ratio (DAM2) 

(No input when WDMIND = 1,2) 

Mean Winaq Chord to Prop. Diameter Ratio (DAM3) 

(No input when WDMIND = 0,2) 

Wing Incidence Angle (FYFW) 

[DEG]; With respect to the fuselage. 
Wing Root Thickness to Chord Ratio (TCR) 
Wang Gio Thiekness GCherd Ratio (TCT) 

Wing Loading at Desiaqn Gross Weiaht (DAM4) 

[LBS/SQ FT]; (No input when WNDMIND = 1). 
Quarter Chord Mean Sweep Angle (DLMCH) 


POEGIe ( Nominput it DRGIND=!)& OPTIND=2). 


17 


0108 


0109 


Oe 


Oy 
O12 


Oi i-3 


0114 


Oi 


0116 


O37 


0118 


OS 


Taper Ratio of Wing (SLM) 
Tip chord/root chord 

Horizontal Tail Aspect Ratio (ARHT) 

Horiz. Tail Position on Vertical Tail (Sa 
Fraction of vert. tail span. 1/03 
tail, 0.0 = horiz. tail on or belOweage 
vert. tail root chord. 

Horizontal Tail Moment Arm (ELTH) 

Horiz. Tail Mean Thickness/Chord Ratio (meas 

Horizontal Tail Volume Coefficient (VBARH) 

(No input when HTIND = 2) 

Horizontal Tail Taper Ratio (SLMH) 

Horizontal Tail Planform Area (AAW11) 

[SQUARE FEET]; (No input when HTIND = 1) 

Prop Blade Attachment Pistance (SR) 

Measured from centerline of hub as a 
fraction of the prop radius. (No input 
when ENGIND = 1). . 7 

Distance Between Inboard Prop Tips (fYCL) 
[FEET]: Measured from the inhoard prop tip 
on one side of the fuselage to the inhoard 
prop tip on the opposite side of the 
fuselage. (No input when WDMIND = 0). 

Prop-Over-Prop Overlap (ZETAl1) 


Measured as a fraction of the prop radius. 
(No input when WDMIND = 0). 


Prop-Over-Wing-Tip Overlap (Z2FTA2) 


Measured as a fraction of the prop radius. 
(No input when WPMIND = 0). 


je 


0120 


ez 


Onr7'2 


O73 


0124 


O25 


0126 


0127 


O23 


O29 


0130 


Oe | 


Increment in Wetted Area (DLSWSW) 
Utilized for protrusions such as landina 
gear, etc. Ratio of incremental wetted 
area of airplane to wing planform area. 
Fuselage Height (HF) 
[FEET]; (No input when FDMIND = 0,2). 


Fuselage Length (DAM5) 


it 
past 
NO 
—_ 


[FEET]; (No input when FDMIND 
Nose Section Fineness Ratio (ELPD) 

(No input when FDMIND = 0,2) 
Tanck Secev@n Fineness Ratio (ELTD) 

(No input when FDMIND = 0,2) 
Cabin Section Lenath (ELC) 


[FEET]; Length of constant dia. fuselaae 
(No input when FDMIND = 0,2). 


Length of Ramp Well (ELRW) 


[FEET]; May also represent lenath of 
strengthened fuselage portion such as that 
for rear engine attachment. Used in the 


calculation of fuselage weight penalty. 
Fuselage Wetted Area (DAM6) 

[SO FT]; (No input when FDMIND = 1,2) 
Fuselage Width (SWF) 

[FEET] 
Vertical Tail Aspect Ratio (ARVT) 
Vertical Tail Moment Arm (ELTV) 

[ FEET] 


Vert. Tail Mean Thickness Chord Ratio (TCVT) 


Eo 


0132 


OlSs3 


0134 


O35 


0136 


Od 37 


O13s 


O139 
0140 
0141 
0142 
0143 


THRO 
OTS 


Vert. Tail Volume Coefficient (VBARV) 
(No input when VTIND = 2) 
Taper Ratio of Vertical Tail (SLMV) 
Area of Vertical Tail (AAW12) 
(No input when VTIND = 1) 
Position of Main Landing Gear (YMG) 


Measured outboard from the side of the 
body as a fraction of wina semi-span. 


Mean Position of Primary Engines (YP) 


Measured outboard from airplane centerline 
as a fraction of wing semi-span. 


Mean Position of Lift Engines (YL) 
Measured outboard from aircraft centerline 
as a fraction of wing semi-span (No input 
when LFTIND = OQ). 
Lift Engine Cluster Gap Factor (EPSLON) 
Set by engine type, enaine size, and by 
the no. of engines which may be clustered 
together (No input when LFTIND = 0). 
Primary Eng. Nacelle Dimen. Factor (AZETAL) 
Primary Enq. Nacelle Dimen. Factor (AZETA2) 


Primary Eng. Nacelle Dimen. Factor (AZETA3} 


Rotor t/c Ratio at 0.25R (SKIP(1)) 


NOT USED 


Lee 


LOCATION 


Onan 


Ob 74 


Oia s 


0154 


0155 


0156 


OV 7 


0158 


O19 


OlGO 


O16) 


Ore :2 


OnES 3 


0164 


PASSENGER DATA REQUIRED FOR FUSELAGE SIZING (FDMIND = 2) 


DATA DESCRIPTION (FORTRAN NAME) 
Galley Indicator (DNI1GN) 


0 galley area calculated by program 


1 = galley area input by user 
Total Area of the Galley(s) (AGLLEY) 

[SQUARE FEET]; (No input if DNII1GN = 0) 
First Class Section Passenger Capacity (ANPX1) 
No. of Seats Abreast in First Class (ANAR1) 
No. of Aisles in First Class (ANISL1) 

Width of Seats in First Class (WSEAT1) 

[INCHES]; A typical value is 27 inches. 
Seat Pitch in First Class (PSEAT1) 

f INCHES]; A typical value is 38 inches. 


Aisle Width in First Class (WAISLI1) 


f INCHES]; A typical value is 20 inches. 


Lavatory Indicator (DNIVAL) 


O = Number of lavatories calculated by program 
1 = Number of lavatories input by user 
Number of lavatories (ANLAVS) 
(No input when PNIVAL = 0). 
Tourist Section Passenaer Capacity ({ANPXT) 
No. of Seats Ahreast in Tourist (ANABT) 
No. of Aisles in Tourist (ANISLT) 
Width of Seats in Tourist (WSEATT) 


[INCHES]; A typical value is 20 inches. 
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Pm eee 


0165 Seat Pitch in Tourist (PSEATT) 
[INCHES]: A typical value is 34 inches. 
0166 Aisle Width in Tourist (WAISLT) 


[INCHES]; A typical value is 16 inches. 


0167 Number in Flight Deck Crew (SPACE2(1)) 
0168 Number of Flight Attendants (SPACE2(2) ) 
0169 

THRU NOT USED 

0199 


AIRCRAFT PROPULSION INFORMATION REQUIRED WHEN ENGIND = O 
(TURBOSHAFT ENGINES) 


LOCATION DATA DESCRIPTION (FORTRAN NAME) 


0201 Primary Engine Cycle Number (CYCPRP) 
TABLE 1] 
ae ce 
PRIMARY 


| | 
ENGINE | MAX. TURBINE | COMPRESSOR |! FAN 

| | 

| | 


| | 
| | 

CRUISE PSCyVeCche INLET TEMP, | DESIGN 
| 


| 
BYPASS | 
ENGINES NUMBER (DEGREES R) PRESS RATIO RATIO | 
| | | | | 
| l | 2600 | 13 | | 
| 2 | 2600 | 16 | | 
| 3 | 2200 | i | | 
TURBOSHAFT | 4 | 2900 | 16 | | 
ENGINE | 5 | 2900 | 19 | | 
CYCLES | A | 3200 | 13 | | 
| 7 | 3200 | 16 | | 
8 | 3200 | 1° | | 
9 | 3200 22 | | 
0202 Primary Engine Max. Static Horsepower (DAM7) 


Total for all engines at stnd. sea level 
conditions (No input when FIXIND = 1). 


0203 NOT USED 


0204 Number of Primary Engines (ENP) 
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0205 NOT USED 
0206 Transmission Efficiency (ETAT) 
0257 Transmission Indicator (XMSND) 


O = Trans. sized at fraction of installed 
power (see LOC 0258). 


1 = Trans. sized at fraction of installed 
power (see LOC 0258) or at cruise power 
required, whichever is more critical. 

(No input when ENGIND = 1) 
0258 Fraction of Power for Trans. Sizing (XMSMRT) 


Ratio of trans. SHP to prim. eng. max 
Static HP (No input when ENGIND = 1). 


0259 Accessory Horsepower (DSHPAC) 
0223 Number of Rotors or Propellers (ENR) 
0224 Propeller Tip Speed (VT) 
| [FT/SEC] 
O225 Disc Loading {Fan Loading if ETAIND = 3! (WGA) 


[LBS/SQ FT]; Regq’d if OPTIND = 2 or 3 (No 
input if OPTIND = 1 AND PDMIND lenge S) ee 


0226 Propeller Diameter (DI) 


fein NOTE: EfenTAIND=3, see note in Ref. 
3, pg. 5-7. (No input when PDMIND=2 or 4) 


meee LOCATIONS 0267 =" 0212 MUST BE INPUT IF FIXIND = 0 ***** 
0207 Takeoff Altitude (HES) 
[FEET]; Typically set eaual to zero. 
0208 Thrust-to-Weight Ratio (SENE) 
0209 Ambient Temp. Increment for Takeoff (TINY) 
[DEG FARENHEIT]; Ambient temp. increment 


for engine sizing at takeoff conditions 
(For standard atmosphere, TINY = 0.0). 


Heo 


O26 


O21 


645 U 


0260 


0261 


0262 


=e LOCALIOCNS 


O24 


0214 


O25 


Power Turbine Speed Ratio for Takeoff (AN2TO) 
Ratio of operating power turbine speed to 
max power turbine speed (No input when 
N2IND = O or 1). =Required when sizing 
Primary engines’ for takeoff (see note in 
Ref. 3, page 5-41). 

Number of Inoperative Primary Engines (ENPO) 
(No input when FIXIND = 0). 

Number of Inoperative Lift Engines (ENLO) 

(No input when FIXIND = 0). 

Fraction of Power (SHPTO) 

Ratio of engine SHP to primary engine max 
static HP (LOC 0202). Required for sizina 
engines; nominally input as 1.0. 

Vertical Rate of Climb for Takeoff (VRCRC) 
[FT/MIN]; For engine sizing at takeoff. 

Takeoff Vertical Climb Power Constant (CKRC) 
Climb power multiplicative constant; 


Nominally 2.0 for turboshaft engines; Less 
for high disc loaded aircraft and fans. 


0213 - 0217 MUST BE INPUT IF XMSNIND = 1] ****- 


Power Indicator (POWESTI) 


QO = Maximum rated power 
1 = Military rated power 
2 = Normal rated power 


(No input when FIXIND = 0 or ESZIND = 0) 
Cruise Altitude (HC) 

[FT]: (No input if FIXIND=0 or ESZIND=0)8 
True Airspeed at Cruise (VC) 


(KTS]; (No input if FIXIND=0 or ESZIND=0). 


124 


ti al 


0216 Ambient Temp. Increment at Cruise (ATMIY) 


[DEG FAREN.]; (No input when FIXIND = 0 or 
ESZIND = 0. For stnd. atmos., ATMIY = 0). 


Or e7 Power Turbine Speed Ratio for Cruise (AN2CR) 


Ratio of operating power turbine speed to 
maximum power turbine speed (No input when 
N2IND = O or 1 or FIXIND = O or FSZIND = 
O). Required if sizing prim. engines for 
cruise (see note in Ref. 3, paqe 5-40). 


I. PROPELLER DATA REQUIRED WHEN “ENGIND" = 0 (TURBOSHAFT 
ENGINES ) 


LOCATION DATA DESCRIPTION (FORTRAN NAME) 


0200 Primary Engine Efficiency Indicicator (ETAIND) 
O = Propulsive efficiencies input by user 
1 = Propulsive table input by user 
2 = Propulsive performance calculated by prod. 
3 = Fan table input by user 
KEKKKKKKKKRKEEK PROPELLER DATA WHEN SETAITIND" = O KRREKKRKKKKRKRKKKK 
0227 Pimtcsmeocmtin Prop. SOlidity Ratio {CTSIG) 
| Ratio of thrust coefficient to propeller 
solidity. If acft is in the helo mode: 
Ct = thrust/[((density)*(area)*(tip speed)! 
(No input when PDMIND = 1 or 2) 
0228 Activity Factor of Propeller (AF) 
[PER BLADE]; (No input if PDMIND = 3 or 4) 
0229 Number of Blades on Propeller or Rotor (BLDN) 
(No input when PDMIND = 3 or 4) 
O232 Static Propeller Efficiency (ETAP2) 


"Figure of Merit" for calculations during 
takeoff/hover/landing (when SGTIND = 2). 
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0235 Climb Propeller Efficiency (ETAP3) 
For climb calculations (SGTIND = 3). 

0234 Descent Propeller Efficiency (ETAP5) 
For descent calculations (SGTIND = 5). 

0235 Mach Number Table (TBEMS) 

THRU 

0244 Mach no. values to be paired with primary 
engine propulsive efficiencies for use 
when SGTIND = 4 (cruise) or 6 (loiter). 

0245 Number of Mach No./Efficiency Pairs (ETAP4N) 

0246 Propulsive Efficiency Table (TB8AP4) 

THRU 

OZ255 Primary eng. propulsive efficiency values 
to be paired with Mach no. values in LOC 
0235 thru 0244. Permits rapid evaluation 
of sensitivity of aircraft performance and 
size to changes in propeller performance. 

Keke KKKKKKKE KKK PROPELLER DATA WHEN TETAEND© = ] kk kkkkkkekkekeaek 

0227 Thrust Coeff./Prop. Solidity Ratio (CESag 
Ratio of thrust coefficient to propeller 
solidity. If acft ais in the helo mode: 
Ct = thrust/{(density)*(area)*(tip speed)g 
(No input when PDMIND = 1 or 2). 

0228 Activity Factor of Propeller (AF) 
[PER BLADE]; (No input if PDMIND = 3 or 4) 

0229 Number of Blades on Propeller or Rotor (BLDN) 
(No input when PDMIND = 3 or 4) 

0234 Descent Propeller Efficiency (ETAP5) 
For descent calculations (SGTIND = 5). 

0256 Propeller Table Number (CYPROP) 


CYPROP values for five general avn props 
are given in the table below. 
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TABLE 2 


PROPELLER CHARACTERISTIC SUMMARY 


ALL PROPELLERS ARE 3-BALDED, CONSTANT SPEED 


| <<“ co! tf ft 


eee 
| 

| 

| HARTZELL 

| PROPELLERS, 
ENC . 

| 

| | 
| HARTZELL | 
|PROPELLERS, | 
ITN | 
| 

| | 
| HAMILTON | 
| STANDARD | 
ieay., UAC | 
| 

| | 
| HAMILTON | 
| STANDARD | 
fouy., UAC | 
eee 
| - | 
| HAMILTON | 
| STANDARD | 
Lorvee, UAC | 


DESIGNATION] 


[TABLE NO.]| 


a 


Te 2 32H 


PrO2s 2.2) | 


T10173-8 


fLOlies. 3 | 


| 
33LF 1033A-0| 


POs ser 


33LF 1027A-0| 


f1027.3] 


INTEGRATED | 
| DESIGN LIFT] 
COEFFICIENT | 


| | 
| | 
| Osa o | 


One 20 


SSS ee eee 
—eee ee Oe 


(02700) 


| 0.424 
| 


ee See ee 


| 0.500 
| 


| | 


—_ eee 


ACTIVITY 
FACTOR 
PER BLADE 
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(i ¥Sy 


| 
APPEIC. | 
| 
| 


| 

TWIN | 
OTTER | 
SKYVAN | 
| 


SS 


104 


SLOT}, 


TZ? 


inane SS ——__———— 


BEECH | 
KING AIR| 
99 | 


HAWK 
CMDR 


a a SRS CA CNN eA Sa 9 ee Ce Ee ee 


NOTE: 
ine. 


Values in parenthesis are quoted by Hartzell Props, 
Values not in parentheses are consistent with 


the blade geometric data supplied by Hartzell. 


1700 


ETO. 


A table of 
obtained from test 
Refer to Ref. 3, 


data can 


User’s Propeller Table Number (PROPCY) 


actual prop performance data 


De anpue. 


page 4-63 for a complete 


description of the table requirements. 


Number of Advance Ratio Values (XPXNO) 


To be assigned to loc 1702-1721 NOTE: 


if 


used, XPXNO must at least equal 3. 


ee 


LE7O2 Propeller Advance Ratio Table (XPJ) 
tan 
720 Table of propeller advance ratio values to 
be input by user (minimum of 3 values). 
le Number of Prop Power Coefficients (CPPNO) 
No. of prop pwr coeff. to be inputybyeeee 
user in loc 1723-1742. If used 
a table of at leasts used, a value of 
at least "3" must be assigned to CPPNO. 
23 Propeller Power Coefficients (CPPROP) 
THRU 
1742 Table of propeller power coeff. values to 
be input by user (minimum of 3 values). 
1743 Values of Prop Thrust Coefficients (CTPROP) 
THRU 
2142 Table of propeller thrust coeff. values. 
KAKKEKKEKKEKKEKEK PROPELLER DATA WHEN VETAIND = 2 KKKKKEKEKKKKEKEK 
0227 Thrust Coeff./Prop. Solidity Ratio (CTS#G) 
Ratio of thrust coefficient to propeller 
solidity. If acft is in the helo medee 
Ct = thrust/[{(density)*(area)*(tip speed) ] 
(No input when PDMIND = 1 or 2) 
0228 Activity Factor of Propeller (AF) 
[PER BLADE]; (No input if OPTIND = 1] Vand 
PDMIND=3,4; ALWAYS req’d if OPTIND = 2, 3) 
0229 Number of Blades on Propeller or Rotor (BLDN) 
0230 Prop Integrated Design Lift Coeff. (CLEYE) 
0234 Descent Propeller Efficiency (ETAP5) 
For descent calculations (SGTIND = 5). 
tkktkkke*e**e PROPELLER DATA WHEN "“ETAIND" = 3 **** "ise 
D227; Thrust Coeff./Prop. Solidity Ratio (CTSiay 


Ratio of thrust coefficient to propeller 
Somad ity, If acft 1s in the helo mode: 
Ct = thrust/[{ (density)*(area)*(tip speed) ] 
(No input when PDMIND = 1 or 2) 


ie 


0228 


0229 


O25 
THRU 
0233 


0234 


0256 


0408 


0457 


1700 


Pe Oa 


i OZ 
THRU 
Pet 


722 


Activity Factor of Propeller (AF) 
[PER BLADE]; (No input if PDMIND = 3 or 4) 
Number of Blades on Propeller or Rotor (BLDN) 


(No input when PDMIND = 3 or 4) 
NOT USED 


Descent Propeller Efficiency (ETAPS) 
For descent calculations (SGTIND = 5). 
Fan Table Number (CYPROP) 
User selected no. to identify Fan Table. 
Tilting Mechanism Constant (SKTM) 
Dewitt or Clit rotor tilt mechanism 
weight factor. This constant calculates a 
tilt mechanism weight proportional to the 
acft gross weight. 


Rotor/Prop Weight Adjustment Factor (SKRP) 


To avoid using the prop weights eauations, 
input this variable value as zero. 


User’s Fan Tahle Number (PROPCY) 
As assigned by user in LOC 0256. 

Number of Mach Number Values (XPXNO) 
To be assigned to locations 1702 - 1721 
NOTE: If this table is used, a value of 
least "3" must be assigned to XPXNO. 


Mach Number Values (XPJ) 


Table of Mach Number values to be input by 
the user (minimum of 3 values). 


Number of Referred Power Coefficients (CPPNO) 
No. of referred power coefficients to he 


input by the user to LOC 1723 - 1742. 
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NOTE: If this table is used, a value of 
at least "3" must be assigned to CPPNO. 


lie Referred Power Coefficient Values (CPPROP) 
THRU 
1742 Table of referred power values to be 


input by the user (minimum of 3 values). 


7a Referred Thrust Coefficient Values (CTPROP) 
THRU 
Zia Table of referred thrust coeff. values. 


J. AIRCRAFT PROPULSION INFORMATION REQUIRED WHEN ENGIND = 1 
(TURBOJET OR TURBOFAN ENGINES) 


LOCATION DATA DESCRIPTION (FORTRAN NAME) 
0201 Primary Engine Cycle Number (CYCPRP) 


To be selected from the TABLE 3 (below). 


TABLE 3 
| | | | | | 
| PRIMARY | ENGINE | MAX. TURBINE | COMPRESSOR / FAN | 
| CRUISE | CYCLE. ‘| ANLET TEMPS DESIGN | BYPASS | 
| ENGINES | NUMBER | (DEGREES R) | PRESS RATIO | RATIO | 
| 
| | | | | | 
| | 10 | 2600 | 13 | | 
| | i | 2600 | 16 | | 
| | 12 | 2900 | ig | | 
| TURBOJET | 13 | 2900 | 16 | | 
| ENGINE | 14 | 2900 | 19 | | 
| CYCLES | 15 | 3200 | 13 | | 
| | 16 | 3200 | 16 | | 
| | 7 | 3200 | 19 | | 
| | 18 | 3200 | 22 | | 
| 
| | i | | | 
| (952052 1s 2600 | 16 | 2,4 56u 
| [222 352 4 2600 | 20 | 2, 45%eam 
| 125,26, 27| 2900 | 16 |! 2,4 36m 
| TURBOFAN 128,29, 30] 2900 | 20 | 2, 4euma 
| ENGINE S132 a8) 2900 | 24 | 2,4 36am 
[= CYCEES 134,35,36| 3200 | 16 | 2,406um) 
| 137,38, 39] 3200 | 20 | 2,4emm 
| [40.40 3200 | 24 | 2,4 36am 
| 143,44,45] 3200 | 28 | 2,4%eum 


mr cm am RRA Rp SRAM yy nm mm pnp SES 05S PS 


—_— ee ee ee ee ee oe 


0203 Primary Engine Maximum Static Thrust (DAM8) 


Total thrust for all engines at stnd. sea 
level conditions (No input if FIXIND = 1). 


0204 Number of Primary Engines (ENP) 
0218 Lift Engine Cycle Number (CYCLFP) 
See table below (No input if LFTIND = 0). 


TABLE 4 


—~ 


| | 

| ENGINE | MAX. TURBINE | COMPRESSOR 
| | 

| | 


| | 
| | 

INLET TEMP. | DESIGN | BYPASS 
| | 


| 
LIFT CYCLE | 
ENGINES NUMBER (DEGREES R) PRESS RATIO RATIO | 
| 
| | | | | 
INDEPENDENT | 46, 47, 48 | 2400 | 7 | 2,4,6 | 
LIFT 149,50,51| 2700 | 7 | 2476 | 
ENGINES 152,53,54| 3000 | 7 | 2,4,6 | 
| 
| | | | | 
155,56,57]| 2600 | 13 Eee | 
158,59,60| 2600 | 16 [Sevag | 
161,62,63] 2900 | 13 (Seekers. | 
GAS COUPLED|64,65,66| 2900 | 16 [ee ia | 
167,68,69| 2900 | 19 feet | 
LIFT FANS|70,71,72| 3200 | 13 [Se chiae | 
Wana a5. | 3200 | 16 [Sat ar | 
176,77,78| 3200 | 19 B20 le: 
[79,80,81| 3200 | 22 |8,11,14 | 
0219 Lift Engine Maximum Static Thrust (DAM9) 
Tetalearor all ~eng; stnd. sea level; 
Neowin ucmi Geer ouNmo = 1 or LETIND = 0) . 
0220 Number of Lift Engines (ENL) 
(No input when LFTIND = 0) 
0221 Number of Clusters of Lift Engines (ENC) 
(No input when LFTIND = 0) 
O73) Lift Engine Efficiency (ETAC) 


(No input when LFTIND = 0). 
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0232 


0207 


0208 


0209 


0210 


OZ 


O212 


Primary Engine Propulsive Efficiency (ETAP2) 


To be used for Takeoff, Hover, and Landing 
conditions (SGTIND = 2). 


Takeoff Altitude (HES) 


[FEET]; Required for sizing engines and is 
typically set equal to zero. 


Thrust-to-Weight Ratio (SENE) 

Ambient Temp. Increment for Takeoff (TINY) 
[DEG FARENHEIT]; Ambient temp. increment 
for engine sizing at takeoff conditions 
(For standard atmosphere, TINY = 0.0). 

Power Turbine Speed Ratio for Takeoff (AN2TO) 
Ratio of operating power turbine speed to 
maximum power turbine speed (No input when 
N2IND = O or 1 or FIXIND = 0). Required 
when sizing primary engines for takeoff 
(see note in Ref. 3 page 5-41). 


Number of Inoperative Primary Engines (ENPO) 


Required for engine sizing (No input when 
FIXEND. =O): 


Number of Inoperative Lift Engines (ENLO) 


Required for engine sizing (No input when 
FIXIND = 0). 


kKakkkkakKkKR Kk KK KKK KK KKK KKKKRKRKR KKK KKK KR KKK KKK KK KKRK KK KKK KKK KKRKRKRKEK kK 


s LOCATIONS 0213 - 0217 MUST BE INPUT IF LFTIND = 1 i 


kak K KKK KRKRKRKRKRKKRKRKRKRKEKKRKRKRKRKRKRKRKKRKRKRKKRKKRKRKRKRKRKKRKRKRKRKRKRKRKKRKKRKKKKKKRKRRKEEK 


O72 ls 


Power Indicator (POWESI) 
O = Maximum rated power 


il 


Military rated power 


N 
It 


Normal rated power 


(No input when FIXIND = O or ESZIND = 0O) 
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IK. 


0214 


0215 


0216 


OZ 1e7. 


0200 


GmutceenAttisudae (HC } 


[FEET]; This data is required for sizing 
the engines (No input when FIXIND = O or 
ESZIND = 0). 


True Airspeed at Cruise (VC) 


[KNOTS]; This data 1s required for sizing 
the engines (No input when FIXIND = O or 
ESZIND = 0). 


Ambient Temperature Increment at Cruise 
(ATMIY) 


[DEGREES FARENHEIT]; This data is used 
for sizing the engines (No input when 
FIXIND = O or ESZIND = O. For standard 
atmosphere, ATMIY = 0.0). 


Power Turbine Speed Ratio for Cruise (AN2CR) 


Ratio of operating power turhine speed to 
maximum power turbine speed (No input when 
N2IND = O or 1 or when FIXIND = O or 
ESZIND = 0). Required when sizing primary 
engines for cruise (see note in Ref. 3, 
page 5-40). 


Primary Engine Propulsive Efficiency Indicator 
(ETAIND) 


MUST be input as "3". The user is 
required to input a fan table (Locations 
L7O0GNte 2142). Also, the rotor/propeller 
weight adjustment factor must be input as 
zero (Location 0457). 


AIRCRAFT PROPULSION INFORMATION REQUIRED WHEN ENGIND = 2 
(CONVERTIBLE ENGINES) 


LOCATION 


0201 


DATA DESCRIPTION (FORTRAN NAME) 

Primary Engine Cycle Number (CYCPRP) 
To be selected from Table 5 on page 134 
below. NOTE: The number entered at this 


location must match the number entered at 
location 1301 to avoid an error message. 
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Ee ee 


PRIMARY 
CRUISE 
ENGINES 


TURBOSHAFT 
ENGINE 
CYCLES 


Sa ae a ee eee ee 


TURBOJET 
ENGINE 
CYCLES 


TURBOFAN 
ENGINE 
CYCLES 


am 


ENGINE 
CYCEE 
NUMBER 


ee 


OON AMR WN PF 


119,20,21]| 
[22.23 243 
125,26,27]| 
122,29, 30| 
[353235 
134,35, 36| 
137,38,39| 
140,41, 42] 
143,44,45] 


TABLE 5 


2600 
2600 
2900 
2300 
2900 
3206 
S200 
8200 
32 00 


2600 
2600 
2300 
22900 
2900 
3200 
3200 
2200 
3200 


2600 
2600 
2900 
2900 
2700 
3200 


ee se 


MAX. TURBINE 
INLET TEMP. 
(DEGREES 


R) 


eee oe 


a em ee eee 


COMPRESSOR 
DESIGN 
PRESS RATIO 


SS a 


Se ee ee ee 


——— eee 


eee ie) 


FAN 
BYPASS 
RATIO 


Oe i 


NO RO RO AY AY NO AY DAO AY 
aS 
DADADAADANDD 


™ = ~ ~ ~= = = ~= = 


a a mm ee ee 
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em mi eee a em em ee ee mu me 


— 


Te 


0203 


0204 


0205 


0206 


0257 


O255 


C252 


0223 


0224 


C225 


Primary Engine Maximum Static Thrust (DAM8) 


[LBS-FORCE]; Total for all enaines at 
stnd. sea level (No input if FIXIND = 1). 


Number of Primary Engines (ENP) 
Convertible Engine Conversion Ratio (BETA) 
[TLBS-FORCE PER HORSEPOWER ] 
ianemieanes Seelerency.| bTAT) 
Transmission Indicator (XMSND) 


QO = Trans. sized at fraction of installed 
power (fraction at LOC 0258). 


1 = Trans. sized at fraction of installed 
power (fraction at location 0258) or at 
cruise power required, whichever is more 
Cramtca.l.. 

(No input when ENGIND = 1) 

Fraction of Power for Trans. Sizing (XMSMRT) 
Ratio of transmission shaft horsepower to 
primary engine maximum static horsepower 
(location 0202) 

(No input when ENGIND = 1) 

Accessory Horsepower (DSHPAC) 

[f HORSEPOWER | 
Number of Rotors or Propellers (ENR) 
Propeller Tip Speed (VT) 

[FEET PER SECOND ] 

Disc Loading {Fan Loading if ETAIND = 3? (WGA) 
TLBS/SOQ FT]: This is always required if 


OPTIND = 2 or 3 (No input when OPTIND = ] 
AND PDMIND = 1 or 3). 


NES Es, 


0226 


O227 


G22e 


O22? 


O232 


Propeller Diameter (DI) 


[FEET]: If ETAIND = 3, see note in wReaaae 
page 5-7 (No input when PDMIND = 2 or 4). 


Thrust Coeff./Prop. Solidity Ratio (CTSIG) 
Ratio of thrust coefficient to propeller 
solidity. If acft is in the helo mode: 
Ct = thrust/{ (density) *(area)*(tip speed) ] 
(No input when PDMIND = 1 or 2) 

Activity Factor of Propeller (AF) 

[PER BLADE]; (No input if PDMIND = 3 or 4) 

Number of Blades on Propeller or Rotor (BLDN) 
(No input when PDMIND = 3 or 4) 

Static Propeller Efficiency (ETAP2) 


“Figure of Merit" for calculations dura 
takeoff, hover, and landing (SGTIND = 2). 


KKK KKKK KKK KKK KKEKKKKKK KKK KKK KKK KKK KKK KK KK KK KKKK KK KK KKK KK KEKE K 


- LOCATIONS 0207 - O212 MUST BE INPUT IF FIXinND —=@e 7 
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O207 


0208 


0209 


OZ 10 


O2 i 


Takeoff Altitude (HES) 

[FT]; Typically set equal to zero. 

Thrust-to-Weight Ratio (SENE) 

Ambient Temp. Increment for Takeoff (TINY) 
[DEG FARENHEIT]; Ambient temp. increment 
for engine sizing at takeoff conditions 
(For standard atmosphere, TINY = 0.0). 

Power Turbine Speed Ratio for Takeoff (AN2TO) 
Ratio of operating power turbine speed to 
maximum power turbine speed (No input when 
N2IND = 0 or 1 Or PIXIND —.0)2 (see note 
in Ref. 3, page 5-41). 


Number of Inoperative Primary Engines (ENPO) 


(No input when FIXIND = 0). 
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O22 


0260 


0261 


0262 


0213 


0214 


O21 > 


0216 


O27 


Number of Inoperative Lift Engines (ENLO) 
(No input when FIXIND = 0). 

Fraction of Power (SHPTO) 
Ratio of engine SHP to primary engine max 
static HP (LOC 0202). Nominally set eaual 
iene. 

Vertical Rate of Climb for Takeoff (VRCRC) 
[FT/MIN]; Req'd for sizing eng. at takeoff 

Takeoff Vertical Climb Power Constant (CKRC) 
Ci ims power multiplicative EGOnsStant: 
nominally 2.0 for turboshaft engines; Less 


for high disc loaded aircraft and fans. 


Power Indicator (POWEST) 


O = Maximum rated power 
1 = Military rated power 
2 = Normal rated power 


(No input when FIXIND = 0 or ESZIND = 0) 
Cruise Altitude (HC) 

[FT]: (No input if FIXIND=0 or ESZIND=0) . 
True Airspeed at Cruise (VC) 

[KTS]; (No input if FIXIND=0O or ESZIND=0). 
Ambient Temp. Increment at Cruise (ATMIY) 


[DEG FARENHEIT]; (No input if FIXIND = 0 
Or ESZIND as zero). 


Power Turbine Speed Ratio for Cruise (AN?CR) 


Ratio of operating power turbine speed to 
maximum power turbine speed (No input when 
Neb =e Som) | or FIXIND = 0 or ESZIND = 
O). Required when sizing primary engines 
for cruise (see note in Ref.’ 3, page 
5-40). 


137 


lye 


AIRCRAFT AFRODYNAMICS INFORMATION 


LOCATION 


0301 


OS0Z 


0303 


0304 


0305 


0306 


0307 


0308 


0309 


DATA DESCRIPTION (FORTRAN NAME) 
Vertical Tail Profile Draa Coefficient (CDVTT) 


Based on vertical tail planform area and a 
Reynold’s number of 1.0E+07. 


Lift Eng. Nacelle Profile Drag Coeff. (CDH 


Based on total wetted area of nacelle 
cluster and a Reynold’s number of 1.0E+07. 


Primary Eng Nacelle Profile Draq Coeff. (Gp 


Based on wetted area of all nacelles anda 
Reynold’s number of 1.0E+07. 


Horizontal Tail Profile Drag Coeff. (CDLNI) 
Based on horizonta) tail planform area and 
a Reynold’s number of 1.0F+07 (No input 
when LFTIND = 0). 

Profile Drag Increment (DELCD) 
Based on wing planform area 


Oswald’s Efficiency Factor (PDAM10) 


Spanwise efficiency factor (No input when 
OSWIND = 1). 


Equivalent Flat Plate Area Increment (DELFF) 
[SQ FT]; Based on fuselage parasite draq. 
Number of Pairs in Table (TLLN) 
Number of pairs of values in the table of 
wing profile draa coeff. (LOC 0335 - 0342) 
versus Lift coeff. (LOC 0317 = 0324)8 
Number of Mach Numbers (TENN) 
Number of Mach no. values in LOC 0325-0329 
for use in table of compressibilitv draa 


as a function of Mach number and lift 
coefficient ‘No input when DRGIND = 0). 


ise 


rr el el 


0310 


O31 
O3Tt2 
Oe 
0314 
O75 
O56 
O57 


THRU 
0324 


OerZ> 
THRU 
0322 


OS 0 


Ors 1 


O22 


OS53 


0334 


O25) 
THRU 
0342 


Number of Lift Coefficients (TCLZN) 
Number of lift coefficient values in LOC 
0343 - 0349 for use in the table of 
compressibility drag as a function of Mach 
no. and- lift coeff. (No input if DRGIND=0) 
Lift Nacelle Multiplicative Drag Factor (CKLN) 
Wing Multiplicative Drag Factor (CKW) 
Prim. Nacelle Multiplicative Draa Factor (CKN) 
Fuselage Multiplicative Drag Factor (CKF) 
Vert. Tail Multiplicative Drag Factor (CKVT) 
Horiz. Tail Multiplicative Draq Factor (CKHT) 


bee eGoetricrent Values (TRCL! ) 


For the table of wing profile draq coeff. 
versus lift coefficients 


Mach Number Values (TBEM) 
For the table of compressibilitv draq as a 


function of Mach number and lift coeff. 
(No input when DRGIND = 0). 


Mean Reynold’s No. per Foot for Misson (RECT) 


Two-Dimensional Lift Coefficient Slope ({CSALF) 
[PER RADIAN] 

Zero Lift Anaqle of Attack (ALPHL) 

Nondimensional Position Alona the Chore (XCPS) 
X/C (No input when DRGIND = 1). 

Nondimen. Posn. Along Chord at Max t/e (XCTCM) 
(X/C)max t/e; (No input when DRGIND = 1). 

Wing Profile Drag Coefficient Values {TBCDWI) 
Based on wing planform area at Reynole’s 


Number of 1.0E+0O7 for the tahle of wina 
profile drag coeff. vs lift coeff. 


ee 


0343 
THRU 
0349 


0350 
THRU 
0384 


O385 


0386 
O387 
0388 


THRU 
eos 


LOCATION 


0394 


0395 


0395 


O39°7 


O398 


0392 


Lift Coefficient Values (TBCL2) 
For the table of compressibility draq as a 
function of Mach number and lift coeff. 
(No input when DRGIND = 0). 

Drag Increment (TBCDM) 
Increase in airplane draq due to Mach 
number (compressibility effects). Input 
this table as a function of Mach no. and 
lift coeff. based on wing planform area. 

Supercritical Factor (SPACE4(1)) 

0.5 = 50% of technology 

1.0 = 100% of technoloay 

Max Lift Coeff. to Compute VMC (SPACE4(2) ) 


CLVRD CL of Vert. Tail & Rudder (SPACE4(3)) 


NOT USED 


ROTOR, PROPELLER, AND GEARBOX WEIGHT 


DATA DESCRIPTION (FORTRAN NAME) 
No. of Stages in Main Rotor Drive (SPACE4(10)) 
Blade Fold Penalty (SPACE4(11)) 
Default = 1.0 (no fold) 
Hub Weight Coefficient (SPACE4(12) ) 
Hub Material/Development Factor (SPACKE4(13)) 
Blade Weight Coefficient (SPACE4(14)) 
Rotor Type Factor (SPACE4(15)) 
1.0 = Fully articulated 
2.2 = Hingeless or teetering 


9.1 = X-Wina 
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N. AIRCRAFT WEIGHT INFORMATION 
LOCATION DATA DESCRIPTION (FORTRAN NAME) 
0400 Operating Weight Empty (OWE1) 
[LBS]; (No input when OPTIND = 1 or 2). 
0401 Weight of Fixed Equipment (WFE) 
[LBS] 
0402 Weight of Fixed Useful Load (WFUL) 
[LBS] 
0403 Weight of Payload (WPL) 
[LBS]; (No input when OPTIND = 2). 
0404 Cockpi cucontrols Constant (SKCC) 
0405 Fixed-Wing Controls Constant (SKFW) 
0406 System and Hydraulics Constant (SKH) 
0407 Factor for Stability Augmented System (SKSAS) 
Also includes mixing units 
0408 Tilting Mechanism Constant ({SKTM) 
0409 Upper Contro] Mechanisms Constant (SKUC) 


kkekkkkkkekekekekkaekekeKeKeKkekekkekekekeKeKekkeKeKR KK KKK KKK KKK KK KKK KKK KKK 


i LOCATIONS 0410 - 0415 ARF NOMINALLY SET EQUAL TO 1.0 m 


kkkkkkkaekkxekkkkkerKeKeKrKkkkekeekeKKkkKekekkKeKeKKkKeKK KKK KKK KKK KKK KKKKRKEKK 


0410 Cockpit Controls Weight Factor (CK15) 
0411 Upper Controls Weight Factor (CKI16) 

0412 Hydraulics Weight Factor (CK17) 

0413 Fixed Wing Controls Weioht Factor (CK18) 
0414 SAS Weight Factor (CK19) 

0415 Tilt Mechanism Weight Factor (CK20) 
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0416 


0417 


0418 


0419 


0420 


0421 


0422 


0423 


0424 


0425 


0426 


0427 


0428 


0429 


Number of Temperature Pairs (THN) 


Number of atmosphere temperature pairs in 
locations 0440 - 0449 and 0466 - 0475 (No 
input if ATMIND is never set equal to 2). 


Kaekka KK KK KKK KKK KKK KKKKKKKKKRKKRKKKRKKKRKR KKK KKRKKRKEKRKKRKaRKRKRKKRKKRKRKKRKRKEK 


LOCATIONS 0417 - 0419 ARE NOMINALLY SET EQUAL TO 0.0 % 


Kk kkKkKkKkKkKRKRKKKKKKRKRKKRKK KK KK KKK KRKKKKKRKRKKRK KKK KRKEKKKKRKKKKRKRKKRKKRKRKE 


Flt Controls Group Incremental Weight (DELWFZ) 

[LBS } 

Propulsion Group Incremental Weight (DELWP) 

[LBS] 

Structures Group Incremental] Weight (DELWST) 

[LBS] 

Body Group Weight Adjustment Factor (SKP) 

Lift Engine Section Weight Factor (SKLES) 
(No input when LFTIND = 0) 

Alighting Gear Weight (SKLG) 

Expressed as a percentadqe of qross weight. 

Main Gear Weight to Gross Weight Ratio (SKMG) 
Tail Load Adjustment Factor (SKTL) 
Wing Bending Relief Moment Adj. Factor (SKWF) 
Wing Type Weight Adjustment Factor (SKWW) 
Pitch Radius of Gyration (SKY) 

aa) 

Yaw Radius of Gyration (SKZ) 
Lea 


Primary Engine Section Weight Factor (SKPES) 
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NO INPUT TO LOCATIONS 0430 - 0432 UNLESS SKPES = 0 (LOC 0429) 


kKkekxkkkkkkkkkkkkekekekkekekKekKkekeKkkKeKkkeKkkkekKekKkKkKkkeKeKRKKRKKRKKKKRKKKKRKKKK 


0430 Engine Nacelle Type Factor (SKMT) 

0431 Engine Nacelle Adjustment Factor (SKNAC) 

0432 Engine Attachment Point Ratio (SKLMT) 

Distance between engine center of aravity 
and closest structural attachment point 
between nacelle and wing expressed as a 
ratio to the length of the nacelle. 

0433 Wing Weight Multiplicative Weight Factor (CK&) 

0434 Horiz. Tail Wt Multiplic. Weight Factor (CK9) 

0435 Vert. Tail Wt Multiplic. Weight Factor (CK10) 

0436 Fuselage Wt Multiplic. Weight Factor (CK11) 

0437 Landing Gear Wt Multiplic. Wt Factor (CK12) 

0438 CitteltgeesecelonmMubtaiplic. Wt Factor (CK13) 

0439 Primary Eng. Sec. Multiplic. Wt Factor (CK14) 

0440 Non-Standard Atmosphere Altitude (TBH) 

Terre) 

0449 [TFT]; Altitudes to be paired with amhient 
temperature ratios (LOC 0466 - 0475) for 
the non-standard atmosphere table. 

0450 Cabin Differential Pressure Limit (DFLP) 

[PST] 

0451 Weight of Concentrated Load (WC) 
[LBS] 

0452 Concentrated Load Position (YC) 


Distance of load outhoard from aircraft 
centerline. Expressed as ae fraction of 
the wing semi-span. 
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0453 


0454 


0455 


0456 


0457 


0458 


Drive System Weight Adjustment Factor (SKDS) 


0 


il 


No gearbox weight. 
Ham. standard gearbox weight trend. 


(No input when ENGIND = 1) 


Fuel System Weight Adjustment Factor (SKFS) 


Lift Engine Installation Weight Factor (SKLEI) 


(No input when LFTIND = 0) 


Primary Engine Install. Weight Factor (SKPETI) 


Rotor or Prop Weight Adjustment Factor (SKRP) 


-1 = Use HESCOMP rotor and d@rive weiaht 


trend. (LOC 0394-0399 rotor coeff., 
LOC 0453 drive coeff. Also, LOC 0142 
if not X-Wing configuration). 
O = No prop wt (Use if ETAIND=3 LOC 0200). 
1 = 1970 Ham. standard prop weiaht factors 


2 = 1980 Ham. standard prop weight factors 


Drive Sys. Weight Variation Adj. Factor (SKVT) 


Adjustment factor for variations in drive 
system weight due to nonuniformities in 
hover tipspeed and transmission tipspeed 
or the maximum power and the transmission 
design power are not the same. The 
nominal value is 1.0 when these parameters 
are similar. The value of SKVT will vVamu 
when te speed and power change as 
indicated by the following expression: 

(Design Tipspeed) (Maximum Power) 
xX 


(Hover Tipspeed) (Desiaqn Power) 
Airplane category in Ham standard prop and 
gearbox weight can be used by the input of 


a negative value of the cateaqory [{-l, -2, 
-3, etc.} (No input when ENGIND = 1). 
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0459 
0460 
0461 
0462 
0463 
0464 
0465 
0466 


THRU 
0475 


Beooemee Group Multiplic. Weight Factor (CK2) 
Drive System Multiplic. Weight Factor (CK3) 
Lift Engine Multiplic. Weight Factor (CK4) 
Primary Engine Multiplic. Weight Factor (CK5) 
fettemtng. installa MUltiplic. Wt Factor (CKé) 
Primeweenoweinscatl. Multiplic. We Pactor ({CK7) 
Fuel System Multiplic. Weight Factor (CK21) 
Ambient Temperature Ratio Values (TBTHE) 


To be paired with alt. (LOC 0440 - 0449) 
for the non-standard atmosphere table. 


O. ENGINE ACOUSTICAL TREATMENT 


LOCATION 


0476 


0477 


0478 


0479 


DATA DESCRIPTION (FORTRAN NAME) 


Engine Acoustic Treatment Weight Trend 
Coefficient (SPACE5(1)) 


Engine Weight Treatment Factor (SPACE5(2)) 
(= 0477 * 0478 * WEP) 
Multiplicative Factor (SPACE5(3) ) 


NOT USED 


P. WEIGHT OF FIXED EQUIPMENT (WFE)/FIXED USEFUL LOAD (WFUL) 


LOCATION 


0480 


0481 


0482 


0483 


DATA DESCRIPTION (FORTRAN NAME) 


WFE/WFUL Indicator (SPACES5(5) ) 


0 WFE and WFUL input in LOC 0401 and 0402. 


] 


it 


WFE and WFUL computed by proaram. 
APU Trend Coefficient (SPACE5(6) ) 
Instruments Trend Coefficient (SPACES(7) ) 


Hydraulics Trend Coefficient (SPACE5(8) ) 


145 


0484 


0485 


0486 


0487 


0488 


0489 


0490 


049] 


0492 


0493 


0494 


0495 


0496 


0497 


0498 


0499 


Electrical ‘Trend Coefficient (SPAero ae 
Avionics Trend Coefficient (SPACE5(10) ) 
First Class Furnishings Coeff. (SPACE5(11)) 
Tourist Class Furnishings Coeff. (SPACE5(12)) 
Air Conditioning Coefficient (SPACE5( Taam 
Anti-Icing Coefficient (SPACE5(14)) 
Auxiliarv Gear Coefficient (SPACF5(15) ) 
Crew Baggage (SPACE5(16) ) 
[ LBS/PERSON] 
First Class Passenger Service (SPACE5(17) ) 
f LBS/PASSENGER] 
Tourist Class Passenager Service (SPACE5(1]&)) 
[-LBS/PASSENGER ] 
Water Allocation (SPACE5(19) ) 
[LBS/PERSON] 
Emergency Eauipment (SPACE5(20) ) 
[LBS] 
Crew Caterina (SPACES5(21) ) 
f LBS/CREW] 
First Class Catering (SPACE5(22))} 
[LBS/PASSENGER| 
Tourist Class Caterina (SPACFE5/23) ) 
fLBS/PASSENGER } 


Unusable Fuel Factor (SPACF5(24) ) 
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Q. 


Fee 


LOCATION 


0501 
THRU 
0510 


Oey 
THRU 
0520 


O52 
THRU 
0350 


0531 
THRU 
0540 


0541 
THRU 
0550 


LOCATION 


O6Ol 
THRU 
0610 


TAXI INFORMATION {SGTIND = 1} 


DATA DESCRIPTION (FORTRAN NAME) 

Taxi Segment Atmosphere Indicator (ATMIN1) 

O = Standard atmosphere. 

1 = Non-standard atmosphere. User inputs a 
Single point value for the increment in 
ambient temperature above the standard-day 
value. 

Incremental Time for Taxi (DELTT) 

[HRS ] 

Ambient Temperature Increment (TIN1) 
[DEG FARENHEIT]; Used for engine sizing at 
TAXI conditions (No input when ATMIND = 0 
or 2). 

Lift Engine Taxi Segment Factor (SKFL) 


O = Lift engines off during taxi. 


i 


Lift engines operating during taxl. 
Power Turbine Speed Ratio (AN2M1) 


Ratio of operating power turbine speed to 
maximum power turbine speed finput for 
both primary and auxiliary independent 
engines in performance segment 3, TAXI}. 
See additional information in Ref. 1, page 
5-40. (No input when N2IND = 0 or 1). 


TAKEOFF, HOVER, AND LANDING INFORMATION [SGTIND = 2} 


DATA DESCRIPTION (FORTRAN NAMF) 
Takeoff, Hover, and Landing Indicator (TOLIND) 


1 = User inputs the required thrust-to-weight 
ratio. Airplane will use: 


a. Max power from lift engines before 
augmenting with primary engines. 
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0611 
THRO 
0620 


0621 
THRU 
0630 


0631 
THRU 
0640 


O64] 
THRU 
0650 


Ooo) 
Re 
0660 


0661 
rR 
0670 


04671 
THRU 
0680 


b. Only power from primary enaqines if 
LFTIND = QO. 


2 = User inputs the required thrust-to-weight 
ratio. Airplane uses equal percentages of 
power from lift and primary enaqines. DO 
NOT INPUT TOLIND = 2 IF EETEND — see 

3 = User inputs rea’d fraction of max power. 

Atmosphere Indicator for SGTIND = 2 (ATMIN2) 

O = Standard atmosphere 

1 = Non-standard atmos. User inputs sinale 
point value for increment in ambient temp. 


above the standard day value. 


2 = Non-standard atmos. User inputs table of 
ambient temp. ratios as a function of alt. 


Primary Ena Power for Thrust) Factor {PFFT2) 


Required when TOLIND = 3 (No input when 
TOLIND =: 1@on 2). 


Ambient Temperature Increment (TIN2) 
[DEG FARENHEFIT]; Used for engine sizing at 
Takeoff conditions (No input if ATMIND =—3 
Oi). 
Lift Engine Thrust Fraction (PETZ) 
Req’d if TOLIND=3 (No input if TOLIND=i 
Thrust-to-Weight Ratio for Takeoff (ENT) 
(No input when TOLIND = 3) 
Step Size for Hover (PELTH) 
[HRS | 
Power Turbine Speed Ratio (AN2M?) 
Ratio of operatina power turbine speed to 
maximum power turbine speed finnut for 
both primary and auxiliary independent 


engines in performance seament ?, TAKEOFF, 
HOVER, LANDING} (No input if N2IND = 0,1). 
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0681 
THRU 
0690 


2a 
THRU 
2256 


LOCATION 


0691 
THRU 
G7 00 


0701 
THRU 
0710 


OFT 
THRU 
C720 


Ont 
a 
720 


O73) 
THRU 
0740 


O74) 
THRU 
0750 


Incremental Time for Hover (STH) 
THRS] 
Verencalimrate Of limo for Takeoff (VRCTO) 


[FT/MIN] 


CLIMB INFORMATION {SGTIND = 3} 


DATA DESCRIPTION (FORTRAN NAME) 


Climb Indicator {CLMIND) 


1 = Maximum rate of climb 

2 = Climb at constant equivalent airspeed 
3 = Climb at constant Mach number 

4 = Climb at constant true airspeed 


Mach, Equiv. miece se or True Airspeed (EMACH) 
[KTS]; (No input when CLMIND = 1). 

Climb Segment nenoesners Indicator {ATMIN3) 

O = Stunned atmosphere 

1 = Non-standard atmos. User inputs single 
point value for increment in ambient temp. 


above the standard day value. 


2 = Non-standard atmos. User inputs table of 
ambient temp. ratios as a function of alt. 


Step Size for Climh Seament (DFLH3) 
iii 
Ambient Temperature Increment ({TIN3) 


(PREG FARENHEIT!* Used for sizine engine 
during climb (No input when ATMIND = 0,2). 


Ma sentheawcuce toreeclimme or Alt. Transfer {(HMAX) 


ee ey) 


O751 Climb Segment Power Indicator (POWCLI) 


THRU 
0760 O = Maximum power 
1 = Military power 
2 = Normal power 
0761 Max Body Attitude Angle for Climb fTHEMAX) 
THRU 
0770 [DEG] 
O77) Power Turbine Speed Ratio (AN2M3) 
THRU 
0780 Ratio - operating pwr turbine speec to max 
pwr turbine speed finput for both primarv 
and auxillary independent eng. in sea. 3, 
CLIMB}. (No input if N2IND = 0 cram 
07 31 Profile Draq Increase Purina Climb (DCLIMB) 
THRU 
0790 
0791 Incremental Normal Load Factor (ENCLIMR) 
THRU 
O800 FOr energy-maneuverabilitv calculations 


(Nominallvy set equal to 0.0). 


T. CRUISE INFORMATION [{SGTIND = 4} 


LOCATION DATA DESCRIPTION (FORTRAN NAME) 


o8sol Cruise Indicator (Groin 
Re 
0810 1 = Cruise at cruise power. 

2 = Cruise at constant true airspeed. 

3 = Cruise at speed for rest specific ranae. 

4 = Cruise at svneed for 993 of best specific 
ranae. 

5 = Cruise-climb (constant acft wt to ambient 
press ratio) at speed for hest snecific 
ranoe. 

6 = Cruise-climb (constant airplane weight to 


ambient pressure ratio) at speed for 293% 
of best specific ranqe. 
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0811 
THRU 
0820 


0821 
THRU 
0830 


0831 
THRU 
0840 


0841 
THRU 
0850 


0851 
THRU 
O860 


0861 
THRU 
0870 


0871 
THRU 
0880 


0881 
TR 
0890 


True Airspeed or Headwind (VIN) 


[KTS]; Input true airspeed if CRSIND = 2; 
Input headwind when CRSIND = 3 thru 6. 


Cruise Segment Atmosphere Indicator (ATMIN4) 

O = Standard atmosphere 

1 = Non-standard atmos. User inputs sinale 
point value for increment in ambient temp. 


above the standard day value. 


2 = Non-standard atmos. User inputs table of 
ambient temp. ratios as a function of alt. 


Step Size for Cruise Segment (DFLR) 
[NAUTICAL MILES] 
Ambient Temperature Increment (TIN4) 


[DEG FARENHEIT!]; Used for sizina enacine 
during cruise (No input if ATMIND = 0,2). 


Range at End of Cruise Seaqment (RMAX) 
[NAUTICAL MILES ] 


Cruise Segment Power Indicator (POWCRU) 


O = Maximum power 
1 = Military power 
2 = Normal power 


Number of Primary Enaqines Shutdown (FNPSD) 


During cruise seaqment 


Power Turbine Speed Ratio (AN2M4) 


Ratio of operatina power turbine speed to 
maximum power turbine speed finput for 
both primary and auxiliary independent 
engines in performance seament 4, CRUISE}. 
(Neminputm toNOTND = 0 or 1) . 
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O89 
THRU 
0900 


Profile Drag Increase (DLCDCR) 


[SO. FT.J]; Drag increase during cruise due 
to engines being shut down fbased on wina 
planform area). 


U. DESCENT INFORMATION {SGTIND = 5} 


LOCATION 


0901 
ERO 
O9G2 


OS2) 
THRU 
g9 20 


Oo 
THRU 
O9g0 


DATA DESCRIPTION (FORTRAN NAME) 


Descent Indicator (DESIND) 


Ve 


Descend at maximum speed, terminal range 
specified. 


Descend at maximum speed, terminal range 
not specified. 


Descend at idle power, terminal range 
specified. 


Descend at idle power, terminal range not 
specified. 


Descend at constant eauivalent airspeed, 
terminal ranqe specified. 


Descend at constant eauivalent airspeed, 
terminal range not specified. 


Descend at constant Mach number, terminal - 
range specified. 


Descend at constant Mach number, terminal 
ranae not specified. 


Mach, Equiv. Airspeed or True Airspeed fFMACH) 


[KTS]: (No input if DESIND = 1,2, 3¢@meeum 


Descent Seament Atmosphere Indicator (ATMINS) 


O 


tL 


Standard atmosphere 

Non-standard atmos. User inputs sinale 
point value for increment in ambient temp. 
above the standard dav value. 

Non-standard atmos. User inputs table of 


ambient temp. ratios as a function of alt. 


SZ 


0931 
THRU 
0940 


0941 
THRU 


OJ) 


O951 
THRU 
0960 


OSGi 
THRU 
0270 


O97 1 
THRU 
0980 


0981 
THRU 
0290 


O92. 
TERY 
1000 


A OhO) 
THRU 
1010 


0) al 
MaraeC US 
LO20 


OZ 
THRU 
Eos 0 


Minimum Body Attitude Angle, Descent (THEMIN) 
[DEG] 
Ambient Temperature Increment (TINS) 


[DEG FARENHEIT]; Used for sizing engine 
during descent (No input if ATMIND = 0,2). 


Step Size for Descent (DELH5) 
pens 
Ranae at End of Descent (RMAXS) 
[NM]; (No input when DESIND = 2,4,6,8). 
Minimum Altitude During Descent (HMIN) 
Erm 
Power Turbine Speed Ratio {AN2M5) 
Ratio of operating power turbine speed to 
maximum power turbine speed finput for 
both primary and auxiliary independent 
engines in performance’ seq. 5, DFSCENT} 
(Newineuter: N2mNDe= O or 1). 


Profile Draq Increase During Nescent (CLCDDS) 


Used to simulate drag brakes. 


LOITER INFORMATION [{SGTIND = 6} 


Loiter Indicator (DNIRTL) 


O = Loiter mission is used in reserve fuel 
calculation {gross wt reset after loiter). 
1 = Loiter mission used as part of basic 


mission profile faross weight not reset). 
Step Size for Loiter (DELST) 

FHRS] 
Atmosphere Indicator for SGTIND = 2 (ATMIN2) 


O = Standard atmosphere 


153s 


Ost 
THRU 
1040 


1041 
THRU 


1050 


LOOT 
THRU 
1060 


LOG 
THRU 
1070 


Oy 
THRU 
1080 


Loser 
THRU 
LOG 


LOCATION 


EDGy 
TAR wo 
ieee 


2a 
THRU 
L308 


1 = Non-standard atmos. User inputs single 
point value for increment in ambient temp. 
above the standard day value. 


2 = Non-standard atmos. User inputs table of 
ambient temp. ratios as a function of alt. 


Incremental Time for Loiter (STL) 
[HRS] 

Ambient Temperature Increment ({TIN6) 
[DEG FARENHEIT]; Used for engine sizina at 
LOITER conditions (No input when ATMIND = 
O-OEe27. 

Number of Primary FEnqines Shutdown (FENPSDL) 
During loiter seqment 

Power Turbine Speed Ratio ({AN2M6) 
Ratio of operatina power turbine speed to 
maximum power turbine speed finput for 
both primary and auxiliary independent 
engines in performance seqment 6, LOITER}. 
(No input if N2IND =O) ore 

Increase in Planform Drag (DLOITR) 
During loiter segment. 

Wing Area Increase (RSW) 
Due to flap extension. This is the rata 


of the wing loading of the wing and flap 
to the wing loadina of the wing alone. 


CHANGE IN FUEL WEIGHT [{SGTIND = 7} 


DATA DESCRIPTION (FORTRAN NAME) 
Fuel Weight Increment (DLTAWF) 
nESoe 
Incremental Time for Fuel Weight Chanoe (STFW) 


f HRS J 
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Rie 


LOCATION 


Hele 
THRU 
1140 


1141 
THRU 
ISO 


LOCATION 


Py 
apc 
1120 


LOCATION 


ie 


CHANGE IN PAYLOAD WEIGHT {SGTIND = 8} 


DATA DESCRIPTION (FORTRAN NAME) 
Payload Weight Increment (DELWPL) 
[LBS} 
Incremental Time for Payload Wt Chanage (STPW) 


[HRS] 


TRANSFER ALTITUDE [{SGTIND = 9} 


DATA DESCRIPTION (FORTRAN NAME) 
Final Altitude (HFIN) 


[eT rinaleeit. if HOPTIND = 0 (LOC 0018) 
or max altitude 1f HOPTIND = l. 


CHANGE FUEL OR CHANGE PAYLOAD 


DATA DESCRIPTION (FORTRAN NAME) 
Weight Indicator (WGTIND) 


O = Restriction on maximum airplane weight. 
Weight cannot exceed gross weight. 


1 = No restriction on airplane weight (will 
only apply when runnina performance 
calculations). 


AA. GENERAL PERFORMANCE INFORMATION (SGTIND = 11) 


LOCATION 


72 IA OIA 
THRU 
Ze 


eek 
THRU 
2220 


DATA DESCRIPTION (FORTRAN NAMF) 
Gross Weight Indicator (GWIND) 


1 = User inputs the incremental 
qross weight into LOC 2211. 


change in 


2 User inputs aross weiaht into LOC 2211. 
Increment in Gross Weight/Gross Weiqht (GWP) 


[LBS]; For GWIND = 0, input the increment 


ESS 


2220 
THRU 
2230 


2241 
THRU 
2250 


2251 
THRU 
2260 


2261 
THRU 
220 


2271 
THRU 
2280 


Zone 
THRU 
2290 


2200 
THERG 
2300 


2008 
tie 
Zou 


in gross weight; For GWIND = 1, input the 
qross weight value. 


General Perform. Atmosphere Indicator (ATMIN7) 

O = Standard atmosphere 

1 = Non-standard atmos. User inputs sinale 
point value for increment in ambient temp. 


above the standard dav value. 


2 = Non-standard atmos. User inputs table of 
ambient temp. ratios as a function of alt. 


Ambient Temperature Increment (TIN7) 
[DEG FARENHEIT]; Used for engine sizing at 
GENERAL PERFORMANCE conditions (No input 
when ATMIND = O or 2). 
Profile Draq Increase (DLCDCR) 
[SoO. FT. ]; Drag increase durina cruise due 
to engines being shut down (based on wing 
Planform area). 
Altitude fAHOP) 
PE 


Thrust-to-Weight Ratio for Takeoff (ENT) 


Power Turbine Speed Ratio (AN2M7) 
Ratio of operating power turbine speed to 
max. power turbine speed finput for both 
prim. and auxiliary independent enaines in 
performance seament 11, TAKEOFF - GENFRAL 
PERFORMANCE}. 

Velocity Increment (DFELVP) 
KTS ] 

Maximum Velocity (VMAXP) 


[KTS] 


16 


2 oil Power Turbine Speed Ratio (AN2M8) 

1 SURG OI 

2526 Ratio of operating power turbine speed to 
max. power turbine speed finput for both 
prim. and auxiliary independent engines in 
perform. seg. 11, CRUISE - GFN PERFORM}. 


BB. ENGINE CYCLE DATA; NON-STANDARD PERFORMANCE 


LOCATION DATA DESCRIPTION (FORTRAN NAME) 


IL Ou Primary Engine Fuel Flow Indicator (WDTIND) 
O = No primary engine fuel flow cutoff 
1 = Primary engine fuel flow cutoff 
1202 Primary Engine Nl Indicator (ANI1IND) 
O = No primary engine limit for the aas 


generator shaft speed (N1) 


Poaaaitany engi nemmmit for the qas generator 
shaft speed (N1) 
0S Primary Engine Referred Nl Indicator (AN3IND) 
O = No primary engine referred Nl limit 
1 = Primary engine referred Ni limit 
1204 Primary Fnaine N2 Indicator (AN2IND) 
O = No primary engine N2 limit. Primary ena. 
operates at optimum power turbine speed 
(N2) value. 
1 = Limit imposed on primary engine N2. Fna. 
operates at optimum power turbine speed 
(N2) value. 
2 = Limit imposed on primary enaine N2. Fna. 
operates at known value of N2 (in general, 
a non-optimum value). 
205 Torque Limit Indicator (OIND) 
O = No torque limit 
1 = Torque limit 


1S7 


1206 


1207 
THRU 
P21 


1207 


2s 


212 


1220 


221 


| eee 9 


i223 


Reynold’s No. Correction Indicator (RNOIND) 


0 


No Reynold’s no. corrections 


1 


Reynolda’s no. corrections 
Reynold’s Number Correction Factor (PRN) 


Reynold’s no. correction for gas qenerator 
shaft speed (No input if RNOIND = 0). 


Lift Eng. Fuel Flow Indicator (VWDIND) 


0 


No fuel flow limit on the lift engine. 


1 


Fuel flow Limit imposed on the lift ena. 
Lift Fngine Nl Indicator (VN1IND) 


O = No limit on the lift engine gas generator 
shaft speed (Nl). 


jn 
I 


Limit imposed on the Lift 
generator shaft speed (N1). 


engine aas 


Lift Eng. Pwr Turbine Speed Indicator (VN2IND) 


O = No limit on the lift engine power turbine 
speed (N2). 

1 = Limit imposed on the lift engine power 
speed (N2). 


Primary Eng. Referred Fuel Flow Cutoff (WMAX) 
(No input if WDTIND = 0) 

Primary Enaqine Gas Generator RPM Limit (AIMAX) 
Ratio of max gas generator RPM to RPM at 


max static power, standard sea level (No 
input when ANLIND = 0). 


Prim. Eng. Referred Gas Gen. RPM Limit (A3MAX) 


Simulates a restriction on compression 
speed (No input when AN3IND = 0). 


Primary Fng. Power Turbine Speed Limit (A2MAX) 


Ratio of max power turbine speed (N2) to 


eae, 


a em, a 


1224 


1225 
THRU 
1234 


iZe> 


1236 


i227 


1238 
THRU 
1247 


1248 
THRU 
UZ 7 


power turbine speed at max static power, 
standard sea level conditions (No input 
when AN2IND = OQ). 


Torque Limit (QMAX) 


Ratio of max torque limit to torque 
developed’ at static conditions, standard 
sea level. 


Engine Power Correction Factor (RNE) 


To account for Reynold’s number effects 
(No input when RNOIND = 0). 


Lift Eng. Referred Fuel Flow Cutoff (WLMAX) 
(No input when VWDIND = 0) 
Lift Engine Gas Generator RPM Limit (A1MAX) 


Ratio of max gas generator RPM (N1) to RPM 
at max static power, standard sea level 
(No input when VNILIND = 0). 


Lift Engine Power Turbine Speed Limit (AL2MAX) 


Ratio of max power turbine speed (N2) to 
power turbine+ speed at max static power, 
standard sea level (No input if VN2IND=0). 


Output Shaft Speed Correction Factor (A2NO) 


Ratio of operating power turbine speed to 
optimum power turbine speed (input when 
N2IND = 2 and non-standard correction jis 
desired). See additional info in Ref. 3, 
page 5-39. (No input if N2IND = 0O or 1). 


Output Power Correction Factor (PNZ) 


Papeete 1f N2IND = 2 and non-standard 
correction is desirec. Ratio of power 
available at specified power turbine speed 
to power available at the optimum power 
turbine speed (No input if N2IND = 0,1). 


CC. PRIMARY ENGINE CYCLE INFORMATION 


KKRKKKKEKEKEKEEKKEKEKKKKEKEKKEKREKEEKEKEKKEKKEKKRKEKREKKEKKEKEKKEKEKKKKEKEKKKKKKKKEKKKEKK 


> LOCATIONS 1301 =- 1565 ARE NOT REOUIRED IF A STANDARD > 
= PRIMARY ENGINE CYCLE IS SELECTED * 


KEKKKEKKKEKEKEKKEKKEKEKKEKEKEKKEKKKEKKEKKEKKKEKKKKEKKKKKEKEKEKKEKEKKKKKKKKREKKKRKREKKKEK 


LOCATION DATA DESCRIPTION (FORTRAN NAME ) 
jes Ol: Cycle Number (CYCPRL) 
MUST match engine cycle no. in LOC 0201. 
ao Primary Engine Weight Factor (SK3) 


[LB/HP] if ENGIND = 0; CLB/LB-THRUST] if 
ENGIND = 1 or 2. 


1303 Primary Engine Weight Factor (SK4) 
[LBS ] 

1304 Primary Engine Dimensional] Factor (XI4) 
[FT/LB-THRUST ] if ENGIND = tl or 2; 


[FT/SORT(SHP) Vit ENGEND = ae 

E205 Ground Idle Turbine Inlet Temperature (fTGI) 
[DEG RANKINE] 

1306 Flight Idle Turbine Inlet Temperature (TFI) 
[DEG RANKINE] 

1307 Normal Power Turbine Inlet Temp. (TNRP) 
f DEG RANKINF ] 

1308 Military Power Turbine Inlet Temp. (TMIL) 
f DEG RANKINE | 

1309 Maximum Power Turbine Inlet Temp. (TMAX) 
fDEG RANKINE] 

1 rO Number of Referred Temperatures ({UNTS) 


Number of values in LOC 1311 =— 1318. 


160 


oer 
THRU 
Peis 


P39 


ie2z0 
THRU 
25 


e726 
THRU 
L283 


1374 


ie 
THRU 
139 2 


iia 3 


1384 
THRU 
ea? 


220 
THRU 
Tae 


ao 


1439 
THRU 
1446 


1447 


Referred Turbine Temperatures (TSHP) 


[DEG RANKINE]; Ratio of turbine temp. to 
ambient temperature ratio. 


Number of Mach No. (UMS) 

Number of values in LOC 1320 - 1325. 
Mach Number Values (AMSHP) 

Referred thrust tbl values (LOC 1326-1373) 
Referred Thrust or Horsepower Values (SHPAV) 

(Table must be at least 3 X 3 in size) 
Number of Referred Temperatures (UNTW) 

Number of values in LOC 1375 - 1382. 
Referred Turbine Temperature Values (TWD) 


[DEG RANKINE]; Ratio of turbine temp. to 
ambient temperature ratio. 


Number of Mach Numbers (UMW) 
Number of values in LOC 1384 - 1389. 
Mach Number Values (AMWD) 


Values for the referred fuel flow table 
(LOC 1390 - 1437). 


Primary Eng. Referred Fuel Flow Rate (FWDOT) 
(Table must be at least 3 X 3 in aes 
Number of Referred Temperatures (UNT1) 
Number of values in LOC 1439 - 1446. 
Referred Turbine Temperatures (TN1) 


[DEG RANKINE|]; Ratio of turbine temp. to 
ambient temperature ratio. 


Number of Mach No. (UNM}) ) 


Number of values in LOC 1448 - 1453. 


Hits 


1448 
THRU 
1453 


1454 
THRU 
P5062 


1502 


P03 
THRU 
roo 


Pel. 


oa tZ 
THRU 
Lo? 


L512 
THRU 
1565 


Mach Number Values (AM1) 


Values for the referred gas generatormRa® 
limit table (LOC 1454 - 1501). 


Referred Gas Generator RPM Speed Limit (AONE) 
(Table must be at least 3 X 3 in size) 
Number of Referred Temperatures (UNT2) 
Number of values in LOC 1503 - 1510. 
Referred Turbine Temperatures (TN2) 


[DEG RANKINE]; Ratio of turbine temp. to 
ambient temperature ratio. 


Number of Mach No. (UNM2) 
Number of values in LOC 1512 — i502 
Mach Number Values (AM2) 


Values for the referred power turbine RPM 
limit ‘table (LOC 1518) icaae 


Referred Gas Generator RPM Speed Limit (ATWO) 


(Table must be at least 3 X 3 in size) 


LIFT ENGINE CYCLE INFORMATION 


1601 


1 60:2 


1603 


Rae K KKK KKK KKK KKK KKK KK KKK KKK KK KK KKK KKK KKK KKK KKK KKK KKK KKK 


* LOCATIONS 1601 - 1672 ARE NOT REQUIRED IF A STANDARD LIFT * 
ENGINE CYCLE 1S SELECTED OR IF LETINES—a 4 


Km KK KKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KKK KKK 


Cycle Number (CYCLFL) 

MUST match lift eng. cycle no. - LOC (G2ae8 
Lift Engine Weight Factor (SK1) 

[LB/LB THRUST] 
Lift Engine Weight Factor (SK2) 


[LBS J 


Tez 


ge ie 


1604 


1605 


1606 


PoO7 


1608 


1609 
THRU 
LGrG 


Eel] 
THRU 
1624 


1625 
THRU 
F632 


PGs 3 
THRU 
1640 


1641 
THRU 
1648 


1649 
THRU 
1656 


Gov, 
THRE 
1664 


Lift Engine Dimensional Factor (XIL) 
[FT/SQRT(LB THRUST) ] 

Lift Engine Dimensional Factor (XI2) 
ea 

Teeigtt Pn e Dimensional Factor (XI3) 
fFT/SORT(LB THRUST) } 

Ground Idle Turbine Inlet Temperature {TLGTI) 
[DEG RANKINE] 

Max Power Turbine Inlet Temperature ({TLMAX) 

[DEG RANKINE) 


Referred Turbine Temperatures (TF) 


[DEG RANKINE]; Ratio of turbine temp. 
ambient temperature ratio. 


Values of Referred Thrust (FAVL) 
Referred Turbine Temperatures (TFW) 


[DEG RANKINE]; Ratio of turbine temp. 
ambient temperature ratio. 


Values of Referred Fuel Flow Rate (FWNOT) 


Referred Turbine Temperatures (TF]) 


[DEG RANKINE];: Ratio of turbine temp. 
ambient temperature ratio. 


Referred Gas Generator Sneed Limit (FONF) 
Referred Turbine Temperatures (TF?) 
{DEG RANKINE]; Ratio of turbine temp. 


ambient temperature ratio. 


Ves 


ae 


to 


to 


BB. 


1665 


THRU 


Mow Z 


EGCNGMIES 


LOCATION 


67S 


Lo7¢ 


e747 


1678 


1679 


1680 


1681 


PeEeZ 


1683 


1684 


Pees 


1686 


1687 


Referred Power Turbine Speed Limit (FTWO) 


DATA DESCRIPTION (FORTRAN NAME) 

Inf bation. Pactonrs( SPAGIS isa) 
Base year is 1°67. 

Profit Factor (SPAC15(4)) 


Expressed 
eX...) 7 lee 


as a no. greater than 1 .O33=EGE 
would represent a 10% profit. 


No. of Prototype Aircraft (SPAC15(5)) 
Number in development proaram. 
No. of Production Aireraft (SPACIS( Ge 
Avionics and Miscellaneous Costs (SPAC15(7)) 
Per prototype aircraft. 
No. of Ground Test Articles (SPAC15(8) ) 
No. of Flight Test Hours (SPAC15(9)) 
Trainer and Misc. RDT&E Costs (SPAC15(10)) 
Avionics Costs (SPAC] 5(gm)) } 
Per production aircraft in 1967/7 dol lames 
Cost of Fuel ((SPACI > ere 
[ DOLLARS /LRB] 
Cost of 011 (SPAGIS (2. 
[ DOLLARS/LB] 
Hull Insurance Rate {SPACIIS(14)) 
Maintenance Labor Rate (SPAC15(15)) 


F DOLLARS /HR1 


164 


1688 


1689 


L620 


Poor 


1692 


1693 


1694 


beo5 


Time Between Engine Overhauls (SPAC15(16)) 
[HRS ] 


Time Between Dynamic Systems Overhauls 
ESPAGIS (17) ) 


(HRS | 
Dynamic Systems Indicator (SPAC15(18)) 


i) 


Dynamic system used during entire flight. 


2 


Dynamic system used during takeoff/landina 
One y.. 


Annual Interest Rate on Capital (SPAC15(19)) 
Depreciation Period (SPAC15(20) ) 
[YRS] 
Residual Value (SPAC15(21)) 
[ DOLLARS] 
Annual Utilization (SPAC15(22)) 
[HRS] 


Customer Aircraft Buy (SPAC15(23)) 


HOVER PERFORMANCE MAP 


LOCATION 


Zoo 


Zee 
THRU 
2361 


Ze o7 


DATA DESCRIPTION (FORTRAN NAME) 


Number of Thrust Coefficient to Propeller 
Solidity Ratios (CTSGNO) 


Number of values in LOC 2352 -— 2361. 
TmMrusiCcoet ts GQuscOlige Ratio Values (CTOs &G) 


(Input at least three (3) values) 


Number of Tip Mach Number Values (TPMNO) 


Number of values in LOC 2363 - 2368. 


165 


2363 Tip Mach Number Values (TIPM) 


THRU 

2368 (Input at least three (3) values) 

2369 Figure of Merit Table (FMER) 

THRU 

2428 Figure of merit values as a function of 


thrust coefficient to prop solidity Pama 
and tip Mach numbers. 


GG. PROPELLER/FAN PERFORMANCE DATA 


KKK KKK KK KK KEKE KKEKKKEKKKKKEKKEKEKKKEK KKK KK KKEKKE KKK KKK KKK KK KEKE KKK K KKK 


* LOCATIONS 1700 - 2142 ARE REQUIRED WHEN ETAIND = 1 OF ee 


kaekkKkkKkkkekekkeke keke KKKR KR KKK KKK KR KKK KKK KKK KKK KKK KKK KKK KK KKK 


1700 Propeller/Fan Table Numher (PROPCY) 
MUST match value for CYPROP (LOC 0256). 
econ: Number of Advance Ratios or Mach No. (XPXNO) 


Number of values in LOC 1702 =) 77m 


E702 Prop Advance Ratios or Mach No. Values (XPJ) 
THRU 
72 (Input at least three (3) values of prop 


advance ratio or Mach number) 


by 22 Number of Propeller Thrust Coefficients or 
Referred Thrust Coefficients {CPPNO) 


Number of values in LOC 1723 = 17425 


Py 28 Propeller Thrust Coefficients or Refemmed 
THRU Thrust "Coeffreients Venerer) 
1742 


(Input at least three (3) values of prop 
thrust coeff. or referred thrust coeff.) 


yas Propeller or Fan Power Coefficients {CPPROP) 
THRU 
gia Prop Power Coeff: Arrav input as a func. 


of advance ratio and prop thrust coeff. 
Fan Power Coefficients: Array input as a 


function of Mach number and referved 
tArust -coctiiclenter 


166 


HH. DESCRIPTION OF SAMPLE DATA VALUES 


eight 


The 


passenger tilt rotor aircraft design. 


following 


is an 


actual data file used to study an 


Fach data value 


used in the input data file is listed below and described. 


tec. 


LOC 


0001 


0002 


0003 


0004 


0005 


0006 


0007 


0008 


0009 


0010 


OO 1 


DOL 2 


0013 


0014 


VARIABLE 


Or TEND 
TNIRPK 


DRGIND 
OSWIND 
PDMIND 


FDMIND 


WDMIND 
RATIND 
VTIND 


ex UND 


ENGIND 
ESZIND 


LFTIND 


WGOO 


VALUE 


dei 


13000.0 


LISTING OF DATA LOCATION/VALUES 


SIGNIFICANCE OF DATA VALUE 
Si wale athe 
Standard output 


Program calculates drag rise cue 
to compressibility effects 
Program calculates the Oswald’s 
efficiency factor 


Input diameter and thrust coeff. 
EGusorildlty Latte 


Input desired seatina capacity, . 
seat width and pitch, number anc 


width of aisles, number of seats 
abreast for tourist and first 
class, galley and lavatorv size; 


Proaqram calculates fuseladqe size 
Input wing loading & aspect ratio 
Input horizontal tail area 

Input vertical tail area 


Input level of maximum power or 
thrust (fixed engine size) 


Turboshaft enqine 
Enaqines sized for takeoff onlv 


No separate foie 
engine 


bECpuUls7 oO 


First aquess at aross weiaht [LRS! 
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0015 
0016 
0017 
0018 


0019 


0020 


0021 


0022 
OOZs 
0024 


0025 
0026 


OC27 
0028 
0029 
0030 
0031 
0032 
O0G33 
0034 
0035 
0036 
0037 


THRU 
0076 


HOO 
ROO 
STOO 
HOPTIN 


VLMIND 


EMMO 


VMO 


VDIV 
EMLF 
CK1l 


DELWF 
CREE 


SGTIND 
SGTIND 
SGTIND 
SGTIND 
SGTIND 
SGTIND 
SGTIND 
SGTIND 
SGTIND 
SGTIND 
SGTIND 


SGTIND 


OF0 


aos 


26070 


300.0 


4.0 


Start altitude [FT] 

Start range [NM] 

Start time [HRS] 

Input desired cruise segment alt. 


Airspeed limited to 250 kts EAS 
at altitudes of 10,000 ft or less 


Max operating Mach number 


Max operating equivalent airspeed 
prey 


Design dive speed [KTS] 
Maneuver load factor 
Default = 1.0 (no reserve fuel 


Default = 0.0 (no fixed fueliieor 
reserves or other use) 


Default = 1.0 (use nominal engine 
fuel) 


Taxl 

Takeoff 

CTamb 

Cruise 

Descent 

Land 

Tax? 

Transfer altitude 
Loiter 


End of case 


Not used 
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Se 


0077 
THRU 
0093 


0094 


0095 


0096 


0097 


0098 


wHI9 


0100 


a0) 


BO1O2 


O03 


0104 


O05 


0106 


0107 


0108 


ca09 


or 10 


SPACE1 (18) 


SPACE1 (19) 
SPACE1 (20) 
SPACE] (21) 


SPACE1 (22) 


DAM2 


DAM3 


EYEW 


ECR 
Ter 


DAM4 


DLMC4 


SLM 


ARHT 


SAH 


Cans 
O. 226 


72.45 


Not assigned for program 


High wing location for 3-View 
drawing 


lI 
© 
© 


Default 
Default = 0.0 
Default = 0.0 
Any value 
generate 


available at NPS as of 
writing 


greater than 0.0 will 
the 3-View drawing; NOT 
cha s 


Not assigned for program 

NPS modification: output will he 
abbreviated and a maximum of 80 
characters wide for compatibility 


WheneribhslS2, 


Wing aspect ratio 


WDMIND = O (LOC 0007), therefore 
no input 
Wing incidence angle [DEG] 


measured with respect to fuselage 
Wing root thickness-chord ratio 
Wing tip thickness-chord ratio 


Wing loadina fLBS/SO FTI at 
design gross weight 


Quarter chord mean sweep andaqle 
[DEG]: (The XV-15 has a forward 
Swept wing for prop clearance 


during flapping) 


Taper ratio of wing (tip chord/ 


EOOe Chora) 
Horizontal tail aspect rato 
on vertical 


Horizontal tail) is 


Led 


Ott 


out 2 


OLS 


0114 


OWS 


OL16 


O17 


O11 


OFT? 


O17 20 


O12) 


0122 


0123 


0124 


O125 


0126 


O27 


Ole 


Boe 


TEeT 


VBARH 


SLMH 


AAW] 1 


SR 


YC. 


ZETAL 


ZETA2 


DLSWSW 


ie 


DAM5 


ELED 


ee 


ELC 


ELRW 


DAM6 


SWF 


22a 


50225 


.08 


tail root cnere 
Horizontal tail moment arm [FT] 


Horizontal tail mean thicknessmuee 
Gnorda ratio 


HTIND = 2 (LOC 0008), therefore 
no input 
Horizontal tail taper ratio 


Horizontal tail planform area 
Soret) 


Prop blade attachment distance 
measured from the centerline of 
the hub and expressed as a 
fraction of the propeller radius 


WDMIND = O (LOC 0007), therefore 
no input 


WDMIND = 0 (LOC 0007), therefore 
no iput 


WDMIND = 0 (LOC 0007), therefore 
no input 


Default = 0.0 (no protrusions 
such as landing gear) 


FDMIND = 2 (LOC OO0O6), therefore 
no input 


FDMIND = 2 (LOC 0006), therefore 
no Input 


Nose section fineness ratio 
Tail section fineness ratio 


Cabin section lenath of constant 
diameter [FT] 


Length of ramp well [FT] 


FDMIND = 2 (LOC 0006), therefore 
no inpwe 


FDMIND = 2.0 (LOC 0006); nowraeue 


le 


0129 
Owrs 0 


Ome3 | 


O132 
Aes 3 
0134 


O35 


O36 


0137 
OL3e 
O39 
0140 
| 0141 
0142 


0143 
THRU 
O50 
O51 
Or 2 


OFS3 


ARVT 
ELTV 


TCV 


VBARV 
SLMV 
AAW1 2 


YMG 


Bae 


YL 

EPSLON 
AZETAI1 
AZETA2 


AZETA3 


SKIP(1) 


DNI1GN 


AGLLEY 


ANPX1] 


23S 


Doe 


nO 


Oa 7 oc 


Om2 33 


Vertical tail aspect ratio 
Vertical tail moment arm [FT] 
mean thickness to 


Vertical tail 
chord ratio 


VTIND = 2 therefore 
Newin ous 


Vertical tail taper ratio 


(LOG.O009) | 


Vertical tarl areavisO FT] 


Position of main landing’ gear 
measured outboard from the side 
of the body and expressed as a 
fraction of wing semi-span 


Mean position of primary enaqines 
measured outboard from airplane 
centerline and expressed as a 


_fraction of wing semi-span 


LFTIND = 0 (LOC 0013), therefore 
no input 

Ere —wOulwmOC eOO) 3) tnerertore 
ne mput 

Primary engine nacelle dimension 
Laceor 

Primary enaine nacelle dimension 
factor 

Primary engine nacelle dimension 
factor | 


Rotor thickness to chord ratio at 
0.25R 


Not assigned in program 


Galley area calculated by program 
Area of galley (e.q. no galley) 


No first class seats 


ee 


0154 
0155 
O156 
O15 7 


0158 
0159 


0160 


0161 


OntG:2 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
THRU 
O19? 


0200 


0201 


0202 


O203 
0204 
0205 


0206 


ANAB1 


ANISLI 


WSEATI1 


PSEATI1 


WAISLIL 
DNIVAL 


ANLAVS 


ANPXT 


ANABT 


ANISLT 


WSEATT 


PSEATT 


WAISLT 


SPACE2(1) 


SPACE2 (2) 


ETAIND 


CYCERE 


DAM7 


ENP 


ETAT 


270 


7S 


29720720 


Default = 0 
Default = 0 
Default = 0 
Default = O 


Default = 0 
User inputs number of lavatories 


Number of lavatories = 1 


Passenger capacity in the tourist 
section 


No. of seats abreast in tourist 
No. of aisles in tourist 

Width of seats in tourist [IN] 
Seat pitch [IN] 

Aisle width [IN] 

No. in fliqht deck crew 


No of flight attendants 
Not assigned in program 
Propulsive performance calculated 


by program 


Primary engine cycle number > 


Primary engine maximum static 
horsepower [HP]; total for all 
engines 


Not used for turboshaft engines 
Number of primary engines 
Not used for turboshaft engines 


Transmission efficiency 


ie 


0207 
0208 


0209 


20 


O21) 


O21 2 


O21 3 


0214 


0215 


O216 


0217 


o218 
THRU 
e221 
O222 
WIZ 2 3 
0224 


W225 


0226 


o227 


0228 


W229 


HES 


SENE 


TINY 


AN2TO 


ENPO 


ENLO 


POWESI 


HC 


ve 


ATMIY 


AN2CR 


ENR 


ver 


WGA 


Bx 


eis LG 


AF 


BLDN 


ie0es 


Os 9 


ey a, 


2520 


OWwal2 3 


Deo 2 


Takeormaltitude [FT] 
Thrust-to-weight ratio 


Ambient temperature increment for 
takeoff [DEG FARENHEIT] © 


Ratio of operating power turbine 
speed to max power turbine speed 
FIXIND = 0 (LOC 0010), therefore 
no input 


FIXIND = O (LOC 0010), therefore 
no input 


Pipe (LOC OC), therefore 


no input 


FIXIND = 0 (LOC 0010), therefore 
NOe dmaput 


FIXIND = 0 (LOC 0010), therefore 
no input 


FrReIND = 0 (LOC 0010), therefore 
no input 
EIXtTND —)O (LOC O00),  therekorce 


no input 


Not used for turboshaft enaines 


Not assigned for proaram 
Number of propellers 
Propeller tip speed [FT/SEC] 


PDMIND = 3 (LOC 0005), 
no input 


therefore 


Propeller diameter [FT] 


Mnrusteecoefficient to propeller 
Solidi tyecaclo 


Activity factor per blade 


Number of blades on propeller 


Teo 


O220 


OZ 1 
THRU 
O233 
0234 
0235 
THRU 
0256 


0257 


0258 


0299 


0260 


0261 


0262 


0263 
THRU 
0300 
O301 
THRU 
0304 


02309 


0306 


0207 


0206 


CEE 


ETAPS 


XMSND 


XMSMRT 


DSHPAC 


SHPTO 


VRECKE 


CKRE 


ey al 


CDLNI 


DELCD 


DAM1O 


DELEE 


TLULN 


OLs25 


O75 


Ee, 


10 


OO se 


Propeller 
coefficient 


integrated design lift 


ETAIND = 2 (LOG OZGere 
no input 


therefore 


Descent propeller efficiency 
ETAIND = 2 (LOC 0200), therefore 
Nest nput 


Transmission sized at fraction of 
installed power 


Fraction of installed power for 
sizing transmission 


Accessory horsepower [HP] 
Ratio of eng. SHP to primarv eng. 
max static HP (LOC 0202); used 


for sizing eng; default = 1.0 


Takeoff vertical rate of climb 


[rr /MIN] 


Climb pwr multiplicative constant 
(default is 2.0) 


Not assigned in program 


Default = 0.0 


Profile draq increment based on 
wing planform area 


OSWIND = 1 (LOC 0004), 
ne 1npue 


therefore 


Equiv. flat plate area [SO FT] 
Number of pairs of values in the 
table of wing profile draa 
coeff. (LOC 0335 - 0342) Venema 
lift coeff. (LOC 0317-3027 @ 


174 


—————_  —e:—C”:—<=.;P;}T 


0309 
0310 
0311 
0312 
0313 
0314 
THRU 
0316 
0317 
0318 
0319 
THRU 
0324 
0325 
THRU 
0329 


0330 


oo 31 
0332 


0333 


0334 


a5 35 
0336 


Das/ 
THRU 
0342 


0343 
THRU 
0384 


TENN 
TECLZN 
CKLN 
CKW 


CKN 


ee Ci aca) 


TE CIEL { 2 ) 


RECI 


CSALF 
ALPHL 


XCPS 


werTeM 


TBCDWI(1) 


TBCDWI(2) 


Oat Ou 


DRGIND 


O20 HOG O00S snes nout 


DRGIND 


0.0 (LOC 0003); no input 
Default = 0.0 
drag factor 


Wing multiplicative 


Primary nacelle multiplicative 


drag factor 
Default = 0.0 


Wing lift coeff. value 


Wing lift coeff. value 


Not used 


DRGIND = 0.0 (LOC 0003); no input 
Mean Reynold’s number per foot 
for mission 

Two dimensional lift coeff. slope 
Zero lift angle of attack [DEG] 


Nondimensional position alond the 
chord 


Nondimensional position along the 
chord at maximum t/c ratio 


Wing profile drag coeff. value 


Wing profile drag coeff. value 


Not used 
DRGIND = 0.0 (LOC 0003); no input 


LS 


0385 
TER U 
Oe 
0394 


O35 


0396 
0397 
O39 
0392 
0400 
0401 
0402 
0403 
0404 
0405 
0406 


0407 


0408 
0409 
0410 
THRU 
0415 
0416 
0417 
THRU 
0419 


0420 


SPACE4 (10) 


SPACE4 (11) 


SPACE4(12) 
SPACE4 (13) 
SPACE4(14) 


SPACE4(15) 


OWE] 


WFE 


WFUL 


WPL 


SKCC 


SKFW 


SKH 


SKSAS 


SKTM 


SKUC 


CKIS 


GK20 


THN 


DELWFZ 


DELWST 


SKP 


2477.0 


T1620 


Luo? 


SOs 


ros. 


O06? 


Ory 12 


162 70 


Not used 


No. of stages in main rotor drive 


Blade fold penalty; default = 1.0 
Gale Zen lal) 


Hub weight coefficient 

Hub material/development factor 
Blade weight coefficient 
Hingeless rotor system 

OPTIND = 1 (LOC 0001); no Yams 
Weight of fixed equipment [LBS] 
Weight of fixed useful load [LBS] 
Weight of payload [LBS] 

Cockpit controls constant 
Fixed-wing controls constant 
System and hydraulics constant 


Factor for stability augmented 


system 
Tilting mechanism constant 


Upper control mechanisms constant 
Default. =) 10 


ATMIND 1s not set equal to 2.0 
during any seaqment; no input 


Default = 0.0 


Body welaght adjustment 


factor 


group 


176 


0421 


0422 


0423 


0424 


0425 


0426 


0427 


0428 


0429 
0421 


0422 


0423 


0424 


0425 


0426 


0427 


0428 


0429 


0453 


0454 


0455 


0456 


SKLES 


SKLG 


SKMG 


SKTL 


SKWF 


SKWW 


SKY 


SKZ 


SKPES 
SKLES 


SKLG 


SKMG 


SKTL 


SKWF 


SKWW 


SKY 


SKZ 


SKPES 


SKDS 


SKFS 


SKLEI 


SKEEL 


0.04 


0.80 


2507.0 


O29 


O7ts 


0.3422 


0.04 


0.1654 


ferivive=O.O (LOG OO13)- no input 
Alighting gear weight expressed 
Ratio of main gear weight to 
gross weight 


Tail load adjustment factor 


Wing bending relief moment 
adjustment factor 
Wing type weight adjustment 


factor 
Paechieraawus «of gyration [FT 
Yaw radius of gyration [FT] 


Primary engine section weight 
EDT! NDe=2Oe0 «BOC. OOl3 hs “ne input 


Alighting gear weight expressed 
as a percentage of gross weight 


Ratio of main gear weight to 
gross weight 


Tail load adjustment factor 


Wing hendina relief moment 
adjustment factor 
Wing type weight adjustment 


rac. or 

Pitch radius of gyration [FT] 

Yaw radius of ayration [FT] 
Primary engine section weight 
Drive system weight adjustment 
factor 

Fuel sys. wt. adjustment factor 
LFTIND = 0.0 (LOC 0013); no input 
Primary eng. installation weight 


factor 


ea 


0457 


0458 


0459 
THRU 
0465 


0466 
RU 
0475 


0476 


TARY 
0500 


O5e1 


0502 


O503 
THRU 
0510 


eesual 


Opi 


0512 
THRU 
0520 


0521 
THRU 
O530 


O53 
ERS 
0540 


0541 


SKRP Saw 
SKVT 200 
TBTHE 

TRTHe 

ATMIN]1 OG, 
ATMIN1 OF 0 
Peo. O27075 
PERT. 03025 
TIN 

TIN1 

ANIM1 Os! 


Prop. weight adjustment factor 


Drive system weight variation 


adjustment factor 


Default = 1.0 


THN = 0.0 (LOC 0416); no input 


Default = 0.0 

Standard atmosphere for first 
taxi segment 

Standard atmosphere for second 


taxi segment 


Not used 


Incremental time for first jac 


segment [HFS] 


Incremental time for second taxi 


segment [HRS] 


Not used 


ATMIN] = 0.0 
no ImnpuE 


(LOC 0501 - 0510); 


LFTIND = 0.0 (LOC 0013); noweaeue 


Ratio of operating power turbine 
speed to max power turbine speed 
for first taxl segment 


ae 


0542 


0543 
THRU 
550 


0551 
PRU 
0600 


0601 


0602 


0603 
THRU 
0610 


O6ll 


0612 


0613 
THRU 
0620 


0621 


0622 


0623 
THRU 
0630 


0631 
GARU 
0640 


0641 
THRU 
0660 


ANIM] 


TOLIND 


TOLIND 


ATMIN2 


ATMIN2 


PFET2 


PH 2 


O 


Tou 


Ratio of operating power turbine 
speed to max power turbine speed 
for second taxi segment 


Not used 


Not assigned in program 

User inputs required fraction of 
maximum power for takeoff seqment 
User inputs required fraction of 
maximum power for landing seoment 


Not used 


Standard for takeoff 


segment 


atmosphere 


Standard 
segment 


atmosphere for landina 


Not used 


Primary engine power (or thrust) 
factor for takeoff segment 
Primary engine power (for thrust) 
factor for landina seqment 


Not used 


ATMIN2 = 
no lAput 


0.0 (LOC 0611 - 0620); 


Default = 0.0 


ioyeS 


0661 


0662 


0663 
THRU 
0670 


0671 


0672 


0673 
THRU 
0680 


0681 


0682 


0683 
THRU 
0690 


0691 
O632 
THRU 
0700 
0701 
THRU 
0710 
OF a: 
O7 12 
DAR 
0720 


0720 


DELTA 


DE ih 


AN2M2 


AN2M2 


STH 


STH 


CEMIND 


ATMIN3 


DELH3 


OLOLG6GT 


O01 G667 


0.01667 


0.01667 


LO 


O20 


1000.0 


Step size fon hover during 
takeoff seament [HRS] 
Step size for hover during 


landing segment [HRS] 


Not used 


Ratio of operating power turbine 
speed to max power turbine speed 
for takeoff segment 

Ratio of operating power turbine 


speed to max power turbine speed 
for landing segment 


Not used 

Incremental time for hover during 
takeoff segment [HRS] 

Incremental time for hover during 
landing seaqment [HRS] 

Not used 


Maximum rate of climb dumang 


climb segment 


Not used 


CLMIND = 1.0 (LOC 0691); no input 


Standard atmosphere for climb 
segment 
Not used 
Step size for climb segment [FT] 
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OF 2a: 
THRU 
0730 


O73 1 
THRU 
0740 


0741 


0742 
THRU 
0750 


O75 1. 


O75 2 
THRU 
0760 


0761 


0762 
THRU 
0770 


0771 


g0772 
THRU 
0780 


0781 
THRU 
O800 


O801 


0802 
THRU 
0810 


O8ll 
THRU 
0820 


HMAX 


POWCLI 


THEMAX 


AN2M3 


CRSIND 


15000.0 


aes 


Z2G2 


0 


ye 


ol 


Not used 


ATMIND = 0.0 (LOC 0711); no input 


Max altitude for climh seqment 


ety) 

Not used 

Climb at military power ratina 
Not used 


Max hody attitude angle for climb 
segment [DEG] 


Not used 


Ratio of operating power turbine 
speed to max power turbine speed 
for climb segment 


Not used 


Default = 0.0 
Cruise at cruise power 


Not used 


Default = 0.0 
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0821 


OS 22 
THRU 
0830 


Ogisl 


0832 
THRU 
0840 


0841 
THR 
0850 


OSbl 


O86l 


0862 
THRU 
0870 


0871 
ER) 
0880 


O8er 


0882 
THRU 
0890 


0891 
THRU 
0900 


O9OL 


202 
THRU 
0910 


Ooi 
DERG 
Oe 0 


ATMIN4 


DELR 


RMAX 


POWCRU 


AN2M4 


DESIND 


O5© 


20.0 


300.0 


20 


O.3% 


Leo 


Standard atmosphere for cruise 
segment 


Not used 


Step size for cruise segment [NM] 


Not used 


ATMIN4 = 0.0 (LOC 0821); no input 


Range at end of cruise seqment 


Cruise at normal power ratina 


Not used 


Default = 0.0 


Ratio of operating power turbine 
speed to max power turbine speed 
for cruise segment 


Not used 


Default = 0.0 


Descend at maximum speed at the 
terminal range specified 
Not used 


DESIND = 1.0 (LOC 0901); no aieme 


Le2 


O21 


0922 
THRU 
0930 


6931 
0941 
THRU 
0950 
0951 
OD 2 
THRU 
0960 
0961 
0962 
THRU 
0970 
oo 7 1 
0972 
THRU 
0980 


0931 


0982 
THRU 
0920 


woo TL 
maRU 
1000 


7OO 1 


ATMINS 


THEMIN 


DELHS5 


HMIN 


AN2M5 


ee ND 


O= 0 


-20.0 


1000.0 


300.0 


C=0 


O2e1 


20 


Standard atmosphere fees Te the 
descent seament 


Not used 


Minimum body attitude 
during descent segment [DEG] 


anale 


ATMINS = 0.0 (LOC 0921); no input 


Step size for descent segment 
Pedal 


Not used 
Range at end of descent [NM] 
Not used 


Minimum altitude during descent 
segment [FT] 


Not used 


Ratio of operating power turbine 
speed to max power turbine speed 
during descent seaqment 


Not used 


Pefault = 0.0 


Loiter performed for reserve fuel 
calculation 


Te 


1002 
tERU 
rors 


Oa! 
EOe2 
Teak 
1020 
POZ1 
O22 


THRU 
reso 


Osis 


1©32 
Tee 
1060 


Loe! 


LOS? 


THRU 
Lie 


eee 
ie 
THRU 
Lot 
Pre2 
THRU 
1200 


EZoL 


1202 


1204 


DELST 


ATMIN6 


1 


AN2M6 


BEN 


WDTIND 


ANLIND 


AN2 IND 


O20 


0.3333 


UeeE 


1500020 


bo 


OD 


2.20 


Not used for this case 


Step size for loiter segment [HR] 


Not used for this case 


Standard atmosphere 


Not used for this case 


Incremental time for loiter !FHRS] 


Not used for this case 


Ratio of operating power turbine 
speed to maximum power turbine 
speed during loiter seqment 


Not used for this case 


Final altitude for transfer 


altitude segment [FT] 


Not used for this case 


Not assigned for program 


Restriction will be applied to 


fuel flow 


No restruction oon referred Nl 


ema tt 

Restriction will he applied to 
N2; Engine will operate at a 
known value of N2 (generally 


non-optinum) 


184 


1205 
1206 
THRU 
ZT 


2 O 


le 2 | 


eZ 2 2 


ie 23 


1224 


225 
ako 
i257 
F258 
THRU 
300 
SO! 


302 


130 3 


1304 


It seks 


1306 


ifeO7 


O08 


QIND 


WMAX 


A1lMAX 


A3MAX 


A2MAX 


QMAX 


CYCPRE 


SK3 


SK4 


XI4 


rGw 


ee 


NRE 


TMIL 


0.0 


Ono0> 


1.446 


O2:0372 


Fem 020 
ESO. © 
230-0 


2259 a0 


No restruction on torque limit 


Not used for this case 


Maximum fuel flow will be 113% 
greater than fuel flow at maximum 
Static thrust, standard sea level 


cutoff at 4% over 
generator RPM 


Gas generator 
max. sea level gas 


No cutoff of referred Nl 


Power turbine cutoff at 90.5% of 
maximum sea level turbine power 


Torque cutoff at 44.6% over max. 


torque developed at sea level, 
static, standard day conditions 


Not used for this case 


Not assigned for program 


Propulsion cycle number 


Primary engine 
Multiplicative factor 


welaht 
Primary engine weights additiona]} 
factor 

Primary engine dimensional factor 


Turbine inlet temperature, aqround 
idle power setting [DEG RANKINF] 


Turbine inlet temperature, flight 
idle power setting 


Turbine inlet temperature, normal 
power setting 


Turbine inlet temperature, 
military power setting 


reo 


1309 


10 


Toad 
eZ 
13is 
1314 
135 
T3216 
1317 


foie 


ite 


i320 
Pezs 
2 
i323 
1324 


1325 


1326 
Lag? 
132.6 
329 
330 


hes oe 


L332 
333 
1334 
1oo5 
1336 


Tea7 


1338 
339 
1340 
1341 
1342 


1343 


TMAX 


UNTS 


UMS 


223.0% 


Tae 


LGOom 
1800. 
2000; 
220. 
2400. 
2600. 
Z2o00: 


OO Oro © 
On ARNO 


;035 
2075 
ale 
ow 
. 240 


Oromo OO © 


220 
oD 
~425 
-480 
-534 


OO OO. 


2050 
vo 70 
a8 
aS 
2255 


OOOO: © 


O0o00O000 0 


Turbine inlet 
maximum power setting 


temperature, 


Number of referred temperatures 
in locations 1311-1318 


Values of referred turbine temp. 
for the referred thrust or H.P. 
tables 


Not used for this case 


Number of Mach number values in 
locations 1320-1325 


Values of Mach number for the 
referred thrust or H.P. tables 


Not used for this case 


Values of referred thrust or H.P. 


corresponding EO referred 
temperature location 1311 and 
Mach numbers’ found in locations 


1320-1324 

Not used for this case 

Values of referred thrust or H.P. 
corresponding to referred temp. 
location 1312 and Mach numbers 
found in locations 1320 = 3iiZ2 
Not used for this case 

Values of referred thrust or H.P. 
correspondina to referred temp. 


location 1313 and Mach numbers 
found in locations 1320 - 1324 


Not used for this case 
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1344 
1345 
1346 
1347 
1348 


1349 


iwe> 0 
ho 1 
2 2 
i323 
1354 


iis 5 


1356 
o> / 
1350 
ie 59 
is 0 


ih oteal 


6 2 
E363 
1364 
1365 
iS 6 6 


367 
ER 
SH 3 


1374 


ie 7 5 
1376 
is 7 7 
La7 eS 
E379 
ipso 
os 1 


SS 2 


L383 


UNTW 


UMW 


O20 
OL I9eo 
eae LO 
ie C65 
dene 5 


13206 
eee 
a2 o5 
ie 30 
1.410 


1.340 
Paso 
1.440 
P2495 
Pao 


1.400 
1.450 
Le 00 
320 
ec00 


LEO: 
1800. 
ZOOO. 
ZZUO- 
2400. 
ZOCC7 
ZE00r 


@22O1@72 O'O'O 


Values of referred thrust or H.P. 


corresponding to referred 
temperature location 1314 and 
Mach numbers’ found in locations 


1320-1324 
Not used for this case 


Values of referred thrust or H.P. 
corresponding to referred temp. 
location 1316 and Mach numbers 
found in locations 1320 - 1324 


Not used for this case 


Values of referred thrust or H.P. 
corresponding to referred temp. 
location 1316 an@ Mach numbers 
found in locations 1320 —- 1324 


Not used for this case 
Values of referred thrust or H.P. 
corresponding to referredc temp. 


location 1317 and Mach numbers 
found in locations 1320 - 1324 


Not used for this case 


Number of referred temperatures 
tn LOewls7 5-lr3e2 


Values of referred turbine temp. 
for the referred fuel flow 
table 


Not used for this case 


Number of Mach number values in 
locations 1384-1389 


Ley 


1384 
S385 
iS 86 
ee? 
Iigae 


lee2 


370 
Leo 
P3592 
i223 
1394 


M395 


13 26 
1397 
is Oe 
1399 
1400 


1401 


1402 
1403 
1404 
1405 
1406 


1407 


1408 
1409 
1410 
1411 
1412 


1413 


1414 
1415 
1416 
1417 
1418 


Pat 
1420 


1421 
1422 


Cie 
OFZ 7 
O27 7 
Oe27s 
Oat 


0.407 
0.407 
0.407 
0.407 
0.407 


OF 535 
O25 
O255.0 
O52 
OF s5 


O.662 
URG GZ 
0.062 
OTE 2 
OF 6GZ 


O27 50 
OF 750 
O70 


Values of Mach number _ for the 
referred fuel flow table 

Not used for this case 

Values of referred fuel flow 
corresponding to the referred 
temperature location 1375 and 
Mach numbers’ found in locations 
1384-1388 


Not used for this case 


Values of referred fuel flow 
corresponding to referred temp. 
location 1376 and Mach numbers 
found in locations 1384 - 1388 


Not used for this case 
Values of referred fuel flow 
corresponding to referred temp. 


location 1377 and Mach numbers 
found in locations 1384 - 1388 


Not used for this case 


Values of referred fuel flow 
corresponding 13@ referred 
temperature location 1378 (ane 


Mach numbers’ found in locations 


1384-1388 

Not used for this case 

Values of referred fuel flow 
corresponding to referred temp. 
location 1379 and Mach numbers 
found in locations 1384 - 1388 
Not used for this case 

Values of referred fuel flow 


correspondina to referred temp. 
location 1380 and Mach numbers 
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1423 
1424 


1425 


1426 
1427 
1428 
1429 
1430 


1431 
THRU 
1437 


1438 


1439 
1440 
1441 
1442 
1443 
1444 
1445 


1446 


1447 


1448 
1449 
1450 
1451 
1452 


1453 


1454 
1455 
1456 
1457 
1458 


1459 


1460 
1461 
1462 
1463 


UNT1 


O 950 
O50 


On S02 
OeceZ 
0.802 
OZ eOZ 
wou 


Lao 


1600. 
1800. 
2000; 
Z20 07. 
2400. 
2600. 
28007 


oo O20 © 
ON FN O 


wae 
Pe pcs: 
. 748 
-708 
2/ SO 


oo Oo 2 © 


.840 
-846 
os 
.860 


O72 @ 


O 
O 


oO O'OQ 2@ 


found in locations 1384 - 1388 


Not used for this case 


Values of referred fuel flow 
corresponding to referred temp. 
location 1381 and Mach numbers 
found in locations 1384 - 1388 


Not used for this case 

Number of referred temperatures 
in LOC 1439-1446 

Values of referred turbine temp. 


for the referred gas generator 
RPM limit table 


Not used for this case 


Number of Mach number values in 
locations 1448-1453 


Mach number for the 
gas generator RPM limit 


Values’ of 
referred 
tahle 


Not used for this case 


gas generator RPM limit 
values corresponding to referred 
temp. location 1439 and Mach no. 
locations 1448-1452 


Referred 


Not used for this case 
Values of referred fuel flow 
corresponding to referred temp. 
location 1376 and Mach numbers 
found in locations 1384 - 1388 


Lee 


1464 


1465 


1466 
1467 
1468 
1469 
1470 


1471 


1472 
1473 
1474 
1475 
1476 


1477 


1478 
1479 
1480 
1481 
1482 


1483 


1484 
1485 
1486 
1487 
1488 


1489 


1490 
1491 
1492 
TASS 
1494 


1495 
TERY 
root 
yoO2 


1203 
1504 


UNT2 


TN2 


Oe Sy 


Oa 
Ofe2? 
0.2 5e 
0.939 
OF 950 


0990) 
Orr 22 
On 997 
1.004 
01> 


1845 
1.048 
ee Oho 2 
1205S 
1.068 


Peo? 
i 100 
Le OS 
059 
1.068 


Tio 
1.154 
is 
bees ro 
le 


7 ee 


1600.0 
LROOze 


Not wWsed Tor e€hrs case 


Referred gas generator RPM limit 
values corresponding to referred 
temp. location 1441 and Mach no. 
locations 1448-1452 


Not used for this case 


Referred gas generator RPM limit 
values corresponding to referred 
temp. location 1442 and Mach no. 
locations 1448-1452 


Not used for this case 


Referred gas generator RPM limit 
values corresponding to referred 
temp. location 1443 and Mach no. 
locations 1448-1452 


Net used Lor ithlsacace 

Referred gas generator RPM limit 
values corresponding to referred 
temp. location 1444 and Mach no. 
locations 1448-1452 

Not used for this case 

Referred gas generator RPM aii 
values corresponding to referred 


temp. location 1445 and Mach no. 
locations 1448-1452 


Not used for this case 


Number of referred temperatures 
in loGations 1503—= "26 


Values of referred temperature 
for the referred power turbine 


LO 


a0] 
E206 
i> O7 
1508 
1509 


dC 


fo) 1 


SL 2 
ol 3 
1514 
525 
E16 


ot 7 


m518 
5 1° 
io 20 
5 21 
i> 22 


a2 3 


1524 
25 
f>26 
2 7 
vo28 


> 29 


20 
3 1 
3 2 
i 33 
1534 


305 


1536 
roo / 
oS 
39 
1540 


1541 


20C0T 0 
2200.0 
2400.0 
2600.0 
2800.0 


0.685 
02629 
0.734 
Cn eo 
O2G55 


0.856 
Orsi 0 
Ores 
0.940 
0.2973 


0.983 
02927 
PaOo? 
ienO2s 
i O29 


speed limit ratio table 


Noto tised for this case 


Number of Mach number values in 
locations 1512-1517 


Values of Mach number for the 
referred power turbine speed 
limit ratio table 


Not used for this case 


Values of referred power turbine 
speed Pee correspondina to 
referred temp. location 1503 and 
Mach no. locations. 1512-1516 


Not used for this case 


Values of referred power turbine 
speed ihobublie corresponding to 
referred temp. location 1504 and 
Mach no. locations 1512-1516 


Not used for this case 

Values of referred power turbine 
speed ea ati corresponding to 
referred temp. location 1505 and 
Mach no. locations 1512-1516 

Not used for this case 

Values of referred power turbine 
speed Hoe Mae corresponding to 


referred temp. location 1507 and 
Mach no. locations 1512-1516 


Noerused for this case 


ce 


1542 ATWO 1.084 Values of referred power turbine 
1543 . 1.088 speed em) © corresponding to 
1544 1.089 referred temp. location 1507 and 
1545 " 1.086 Mach no. locations 1512-1516 

1546 i 12076 

1547 Not used for this case 

1548 ATWO Ler Values of referred power turbine 
1549 : 1.169 speed um ie corresponding to 
PS 56 LSS referred temp. location 1508 and 
S51 : ea Mach no. locations 1512—-]:5m. 

so 2 . as 

E553 Not used for this case 

1554 ATWO 1.264 Values of referred power turbine 
1555 . 1.246 speed Teena corresponding to 
1556 _ 1.224 referred temp. location 1509 and 
5547 Leo? Mach no. locations 1512-1516 

1558 : i ot 

E559 Not used for this case 


Jie. EXAMPLE “DATA. FILE 

The remaining pages of this chapter are a presentation of 
the actual data file that was submitted on the MVS batch 
network at the NPS computer  cencer se 1Or seme tilt regan 
aircraft described hy the data above. 

The user will note that the data above was kept ina 
sequential order for ease of reading. The data file, 
however, does not need to follow any sequence aS can be seen 


in the sample file on pages 193-196. 
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